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Abstract

Background: Total shoulder arthroplasty (TSA) with a nonspherical humeral head component and inlay glenoid is a bone
preserving treatment for glenohumeral arthritis. This study aims to describe minimum two year patient reported out-
comes, patient acceptable symptomatic state (PASS) achievement, and complications following TSA with this prosthesis.
Methods: A retrospective review of patients undergoing TSA with nonspherical humeral head and inlay glenoid was per-
formed. Outcomes included Single Assessment Numeric Evaluation (SANE) scores, American Shoulder and Elbow
Surgeons (ASES) scores, and complications. SANE and ASES scores were compared to established PASS threshold values
to determine PASS achievement.

Results: 56 TSA in 53 patients were identified. The mean age was 64.5 years, 64% were male, and mean follow-up was
29.2 + 4.9 months (24.0-42.8). Two complications (3.6%) were observed: one subscapularis tear requiring revision to
reverse TSA and one traumatic minimally displaced greater tuberosity fracture successfully treated nonoperatively.
The mean SANE score was 84.3+16.9 (40-100) and 77% of patients surpassed the PASS threshold of 75.5. The
mean ASES score was 85.3 + 15.7 (40—-100) and 77% of patients surpassed the PASS threshold of 76.

Discussion: Patients undergoing TSA with a nonspherical humeral head and inlay glenoid demonstrated high PASS
achievement rates and few complications at short-term follow-up.
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Introduction TSA with a nonspherical humeral head and an inlay
glenoid is one available bone preserving prosthesis
option. This implant combination aims to replicate native
humeral and glenoid anatomy, restore natural shoulder
movement, and improve component stability.'*'> Initial
reports from the few studies available describing this pros-
thesis suggest excellent short term outcomes however
the current evidence is limited.*'®'® There is a paucity
of literature on this implant describing complications,
patients reported outcomes (PROs), and patient acceptable

Total shoulder arthroplasty (TSA) is an effective surgical
treatment for end stage glenohumeral osteoarthritis which
has failed conservative management."> Anatomic TSA pros-
thesis designs are evolving and the current options include
stemmed and stemless anatomic TSA, and humeral head
resurfacing components with a glenoid replacement.®™
There is a growing trend towards the use of bone preserving
TSA prostheses as alternatives to traditional stemmed pros-
theses.®® Advantages of bone preserving prostheses, includ-
ing humeral head resurfacing designs and stemless TSA,
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symptomatic state (PASS) achievement, which is one of the
most widely validated and important tools for demonstrat-
ing clinically relevant success following TSA.'” The
purpose of this study is to assess minimum two year
PROs reported outcome measures, PASS achievement,
and complications following TSA with a nonspherical
humeral head and an inlay glenoid. We hypothesized that
patients would experience high PASS achievement rates
and few postoperative complications after undergoing
TSA with this prosthesis.

Materials and methods

Patient selection

Institutional review board (IRB) approval was obtained for
this study (IRB #5248). A retrospective chart review was
conducted in a consecutive cohort of patients who under-
went TSA with a nonspherical humeral head implant and
an inlay glenoid replacement (Hemi-CAP OVO/Inlay
Glenoid Total Shoulder System; Arthrosurface, Franklin,
MA, USA). Procedures were performed by a single
surgeon between November 2017 and June 2021.
Inclusion criteria were patients with primary glenohumeral
osteoarthritis refractory to conservative treatment with an
intact rotator cuff. Patients with Walch type Al, A2, BI,
B2, and B3 glenoids, as diagnosed on preoperative axillary
radiographs, were included.® Axillary radiographs have
substantial agreement with computed tomography scans
and can be used effectively for glenoid staging.”' Use of
this implant in Walch type A1, A2, B1, B2, and B3 glenoids
is supported in the literature.*'®'® Exclusion criteria
included rotator cuff tear arthropathy, proximal humeral
bone deficiency or deformity prohibitive to humeral head
component fixation, and Walch C glenoids. All anatomic
TSA candidates who met the inclusion criteria which
treated with this prosthesis during the study period.

Surgical technique®

All TSA utilized a nonspherical humeral head implant with
an all-polyethylene inlay glenoid component. Patients
receive regional anesthesia with or without general anesthe-
sia, as determined by anesthesiologist recommendations,
and are placed in the beach-chair position. A standard del-
topectoral approach with a subscapularis tenotomy and
biceps tenodesis is performed. Sizing guides are used to
determine the true superoinferior (SI) and anteroposterior
(AP) dimensions of the humeral head. For the nonspherical
humeral head component, the SI dimension is 4 mm larger
than the AP dimension, with varying radiuses of curvature.
After sizing, a guide pin is placed matching the patient’s
native version and inclination. The humeral head is
reamed to match the spherical undersurface of the compo-
nent and a tapered post is inserted into the humerus. The

glenoid is exposed and the reamer guide pin is placed on
the center point on the glenoid. The glenoid is reamed
ensuring that the glenoid trial sits flush with the surrounding
native glenoid. The glenoid component is implanted using
third-generation cement technique. Attention is returned
to the humerus and the definitive ovoid humeral head com-
ponent is impacted over the tapered post, engaging the
morse taper. The subscapularis is repaired and standard
closure is performed.

Preoperative and postoperative anterior-posterior and axil-
lary radiographs are presented in Figure 1. Postoperatively,
the patients are placed into a sling and are immediately
allowed pendulum exercises and range of motion of the
elbow, wrist, and hand. At two weeks postoperatively, wall
walks are allowed and formal physical therapy with a
rotator cuff strengthening program is initiated. External rota-
tion is limited for six weeks to protect the subscapularis repair.

Data collection

Baseline patient characteristics were collected from elec-
tronic medical records (EMR) and included age, sex,
body mass index (BMI), Charlson Comorbidity Index
(CCI) score.

All patients who underwent surgery were invited to com-
plete electronic PRO and complication reporting which was
integrated into the EMR and was available for review. All
patients were also contacted via telephone to complete a
last follow-up questionnaire which included final PROs
and complications. Patients were deemed lost to follow
up if they failed to complete electric surveys, did not
return to the office greater than two years following their
TSA, or remained unreachable by telephone after multiple
contact attempts.

Collected complications included dislocations, wound
complications, infections, rotator cuff failure, tenodesis
failure, humerus or glenoid implant failures, periprosthetic
fractures, arthrofibrosis, and all cause reoperations.
Collected PROs included Single Assessment Numeric
Evaluation (SANE) scores and American Shoulder and
Elbow Surgeons (ASES) scores. The SANE and ASES
scores are valid and reliable PROs following TSA.'?372°
The patient acceptable symptom state (PASS) was devel-
oped to improve interpretation of PROs. The PASS is
defined as an absolute patient reported outcome threshold
which is associated with achievement of a clinical
outcome that the patient considers acceptable.'® Previous
studies have demonstrated that PASS is a reliable metric
to predict postoperative satisfaction following TSA.**
PASS thresholds of 75.5 for the SANE score** and 76 for
the ASES score” two years following TSA have been
established from prior studies. The postoperative SANE
and ASES scores from our cohort were compared to these
established threshold SANE and ASES threshold scores
to evaluate PASS achievement. Preoperative SANE and
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Figure |. Preoperative anteroposterior (a) and axillary (b) radiographs demonstrating glenohumeral osteoarthritis. Postoperative
anteroposterior (c) and axillary (d) radiographs following humeral head resurfacing arthroplasty with a non-spherical humeral head and

an inlay glenoid component.

ASES scores were not available in our patient cohort; thus,
preoperative and postoperative comparisons, minimally
clinically important difference (MCID), and substantial
clinical benefits could not be provided and are not
described.

Statistical analysis

Descriptive statistics of continuous variables were reported
with mean, standard deviation, and range. Descriptive statis-
tics of categorical variables were reported with frequencies
and percentages. Categorical variables were compared

using chi-squared tests and continuous variables were com-
pared using two tailed t-tests and Fisher Exact tests as statis-
tically appropriate. P values <0.05 were considered to be
statistically significant. All analyses were conducted with
use of JMP software (Version 12; SAS Institute).

Results

Patient demographics

During the study period, TSA with nonspherical HH and an
inlay glenoid component was performed in 74 shoulders in
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71 patients. Data on 56 shoulders (76%) in 53 patients with
minimum two year follow-up were available for analysis
and included in this study. 18 patients (24%) were lost to
follow-up. Patient demographics are presented in Table 1.
The mean age was 64.5 +£9.2 years (40-80). 36 (64%) of
patients were male, and mean BMI was 31.2 +6.3 kg/m?
(20.3-52.0). Mean CCI score was 2.8 +1.6 (0-7). Mean
follow-up was 29.2 +4.9 months (24.0-42.8).

Complications

Minimum two year complications are presented in Table 2.
Two complication (3.6%) were observed. One patient sus-
tained a late atraumatic subscapularis tear without disloca-
tion 28 months after the index surgery requiring
reoperation and conversion to reverse TSA. One patient
sustained a minimally displaced greater tuberosity fracture
following a fall 27 months after the index surgery which
was successfully treated nonoperatively. There were no dis-
locations, posterosuperior rotator cuff tears, implant fail-
ures, infections, tenodesis failures, arthrofibrosis, or other
reoperations.

Patient reported outcome measures

PROs are presented in Table 2. Last follow-up and time for
completion of SANE and ASES scores was a mean of 29.2
+4.9 months (24.0—42.8) postoperatively. 53 patients com-
pleted both SANE and ASES questionnaires; 3 patients
only completed the SANE questionnaires. The mean
SANE score was 84.3+16.9 (40-100). 43/56 (76.8%) of
patients surpassed the established SANE threshold score
of 75.5 to achieve the PASS.>* The mean ASES score

Table |. Patient characteristics.

Patient Characteristics

Number of shoulders: 56
Age (years): Mean +SD (Range) 64.5+9.2 (40-80)
Gender
Male: (n, %) 36/56 (64%)
Female: (n, %) 20/56 (36%)
BMI (kg/m?): Mean + SD (Range) 31.2+6.3 (20.3-52.0)

Charlson Comorbidity Index:
Mean +SD (Range)

2.8+ 1.6 (0-7)

Length of Follow Up
(months): Mean +SD (Range)

29.2+4.9 (24.0-42.8)

BMI: Body Mass Index; SD: Standard Deviation.

was 85.3 +£15.7 (40-100). 41/53 (77.4%) of patients sur-
passed the established ASES threshold score of 76 to
achieve the PASS.?® There were no differences in baseline
age, gender, BMI, CCI, or glenoid Walch classification
between patients who achieved or failed to achieve a
PASS by either ASES or SANE score (Table 3). Both
patients who suffered complications failed to achieve the
PASS by ASES and SANE.

Discussion

In this study, anatomic TSA with a nonspherical humeral
head component and an inlay glenoid demonstrated high
PASS achievement rates and few complications at an
average of 29.2 months follow-up. The majority of patients
were satisfied with their shoulder. Only two complications
were observed and there were no dislocations, posterosu-
perior rotator cuff tears, or implant failures.

Our study strengthens the growing literature evaluating
the use of TSA with nonspherical humeral head and inlay
glenoid replacement for treatment of glenohumeral osteo-
arthritis. There are few available studies in the literature
evaluating the use of the prosthesis described in this

Table 2. Minimum 2 year complications and patient reported
outcomes measures.

Measures Value

Complication Rates:

Overall Complication Rate: (n, %) 2/56 (3.6%)

Posterosuperior rotator cuff failure,
dislocation, infection, implant failure,
arthofibrosis

0/56 (0%)

Fracture (minimally displaced greater 1/56 (1.8%)
tuberosity)
Subscapular failure, Conversion to RTSA 1/56 (1.8%)
All Cause RTOR 1/56 (1.8%)
Patient Reported Outcomes:
SANE Score: Mean + SD (Range) 843+ 169
(40-100)

SANE PASS Achievement (SANE > 75.5) 43/56 (76.8%)

ASES Score: Mean +SD (Range) 853+ 15.7

(40-100)

ASES PASS Achievement by (ASES>76)  41/53 (77.4%)

ASES: American Shoulder and Elbow Surgeons; BMI: Body Mass Index;
PASS: Patient Acceptable Symptom State; RTOR: Return to Operating
Room; RTSA: Reverse Total Shoulder Arthroplasty; SANE: Single
Assessment Numeric Evaluation; SD: standard deviation.
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Table 3. Comparison of patients who achieved or failed to achieve PASS by SANE and ASES.

SANE PASS

Patient Characteristics

Age (years): Mean +SD 64.8+9.0
Gender: Female (n, %) 17 (39.5%)
BMI (kg/m?): Mean +SD 31.0+6.0
Charlson Comorbidity Index: Mean & SD 29+ 1.7

ASES PASS

Patient Characteristics

Age (years): Mean +SD 64.9 +9.1
Gender: Female (n, %) 17 (41.5%)
BMI (kg/m?): Mean +SD 314+59
Charlson Comorbidity Index: Mean + SD 28+ 1.7

Achieved PASS (n=43)

Achieved PASS (n=4I)

Failed to meet PASS (n=13)

63.5+10.4 0.327
3 (23.1%) 0.278
31.6+7.7 0.378
22+ 1.4 0.177
Failed to meet PASS (n=12) P Value
62.9+10.2 0.263
2 (16.7%) 0.115
30.9+83 0413
26+1.3 0.312

ASES: American Shoulder and Elbow Surgeons; BMI: Body Mass index; PASS: Patient Acceptable Symptomatic State; SANE: Single Assessment Numeric

Evaluation; SD: Standard deviation.

study; however, each have reported excellent patient clin-
ical outcomes, postoperative complications, and radio-
graphic follow-up.*'®'® Cvetanovich et al., in an analysis
of 27 shoulders in a young active patient population,
demonstrated improvements in all patient reported out-
comes, improved range of motion, high rates of return to
activity, and no reoperations or radiographic signs of loos-
ening.16 Mean follow up was 40.4 months, mean ASES
score improved from 39.5 preoperatively to 85.7 postopera-
tively, and mean SANE score improved from 25.1 pre-
operatively to 80.4 postoperatively. Egger et al., in an
analysis of 31 shoulders with both concentric and noncon-
centric glenoids, demonstrated significant clinical benefit in
all patients, with no readmissions and only 1 reoperation —
open biceps tenodensis following biceps rupture.* Mean
follow up was 42.6 months, mean Penn Shoulder Score
Total improved from 42.2 preoperatively to 88.6 postopera-
tively, and mean visual analog scale for pain (VAS-Pain)
improved from 6.4 preoperatively to 1.0 postoperatively.
Yalcin et al., in an analysis of 29 patients with eccentric
glenoid wear and posterior subluxation, demonstrated con-
sistent glenohumeral re-centering at mean follow up of 37.9
months. That study did however report an overall complica-
tion rate of 10.3%, including two infections, one of which
required a revision.'® Lastly Uribe et al., in an analysis of
39 shoulders with various glenoid morphology types also
demonstrated significant functional improvement, excellent
pain relief, and patient satisfaction.'” Mean follow up was
41.0 months, mean ASES score improved from 29.9 pre-
operatively to 77.1 postoperatively, and mean VAS-Pain

improved from 8.1 preoperatively to 1.5 postoperatively.
At the final assessment, 94.3% patients met or exceeded
the ASES MCID, and 87.1% met or exceeded or exceeded
VAS-Pain MCID. Between all studies, no shoulder disloca-
tions or signs of radiographic loosening were reported.

A novel contribution from our study is the evaluation of
PASS achievement rates as defined by SANE and ASES
scores, which had not been described in the previously
listed studies evaluating this implant. In our study, 77%
of patients achieved the PASS by SANE score and 77%
achieved the PASS by ASES score at minimum two year
follow-up. The percentages of patients successfully achiev-
ing the PASS for SANE and ASES in this cohort is similar
to the previous studies evaluating PASS following TSA
with other implants. Cole et al. evaluated 301 patients
two years following TSA with short or standard length
humeral stems reported that 69% of patients achieved
SANE PASS and 87% achieved ASES PASS." Gowd
et al. evaluated 207 patients one year following TSA or
reverse TSA reported that 78% of patients achieved
SANE PASS and 66% of patients achieved ASES
PASS.?* Finally, Polce et al. evaluated 204 patients two
years following TSA or reverse TSA reported that 57% of
patients achieved SANE PASS and 71% achieved ASES
PASS.” Overall, the SANE and ASES PASS achievement
rates reported in our study are within the ranges previously
reported in the TSA literature. While analysis of PASS
achievement is encouraging, the lack of preoperative
scores limits treatment outcome analysis. Preoperative
and postoperative comparisons, including MCID, and
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substantial clinical benefits could not be provided and may
have enabled further analysis.

In our cohort, two complications (3.6%) and one reo-
peration (1.8%) were observed: one patient sustained a
late atraumatic subscapularis tear without dislocation at
28 months postoperatively requiring conversion to reverse
TSA and one patient sustaining a minimally displaced
greater tuberosity fracture following at 27 months post-
operatively which was successfully treated nonoperatively.
There were no, posterosuperior rotator cuff tears, implant
failures, infections, arthrofibrosis, or other reoperations.
Bohsali et al. in a meta-analysis including 19,262 TSA
and RSA reported a complication rate of 10.3% at a mean
follow-up of 40.3 months following TSA.?® The most
common complications were component loosening
(4.0%), glenoid wear (2.3%), instability (1.0%), and
rotator cuff tear (0.9%). Parada et al. in a database analysis
of 2224 TSA reported complication rate and revision rates
at a mean of 34 months to be 10.7% and 5.6%, respect-
ively.”” Rotator cuff tear / subscapularis failure was the
most common complication, occurring in 3.1% of patients
at a mean of 23 months postoperatively. In the literature
evaluating stemless TSA, a meta-analysis including 962
shoulders reported a complication rate of 8.3% and revision
rate of 5.6%, and no statistical difference in complications
between stemless and stemmed TSA.* The most common
complication and indication for revision was rotator cuff
failure. The rates of complications and revisions from our
study compare similarly to reported values for stemmed
and stemless TSA. However, our small cohort size and
shorter follow-up period limits this comparison.

The TSA prosthesis used in this study utilizes a combin-
ation of a nonspherical humeral head and an inlay glenoid,
which may have several advantages over the traditional
TSA combination of a spherical humeral and an onlay
glenoid.* Cadaveric and biomechanical studies show that
the native humeral head is nonspherical and that ovoid
humeral head components have a 3 times better fit than
spherical cornponents.ls’zg’29 Furthermore, a nonspherical
humeral head more closely replicates the natural anatomic
center of rotation of the glenohumeral joint, thus more
accurately restores native anatomy and contact
mechanics.>® The glenoid component is a historic area of
concern and glenoid loosening is citied as the most
common reason for revision surgery.* Repetitive eccentric
loading on the onlay glenoid can lead to the “rocking-horse
phenomenon” which leads to glenoid loosening.'* Unlike
the onlay glenoid, the inlay glenoid design is implanted to
sit flush with the adjacent, native glenoid articular
surface. This decreases implant edge loading and lift off
forces responsible for glenoid loosening. Cadaveric
studies comparing onlay and inlay glenoid components
have demonstrated improved glenoid biomechanical stabil-
ity and decreased loosening with an inlay glenoid.'*'
Clinically, medium and long term studies of inlay glenoid

have confirmed low rates of revision due to glenoid loosen-
ing.***? Use of this implant may have particular utility in
younger, active males who are at higher risk for early
glenoid wear and loosening.'® In our study, there were no
implant failures or loosening however, 29.2 months
follow-up may be too early to fully assess this outcome.
In addition, for our study, all anatomic TSA candidates
who met the inclusion criteria were treated with this pros-
thesis regardless of age and gender. There were no age,
gender, or other demographic differences between patients
who achieved or failed to achieve PASS suggesting the
wide demographic applicability of this implant.

The strengths of our study are that we report PROs and
complications on the largest cohort to receive this TSA pros-
thesis to date. Furthermore, we are the first to our knowledge
to report on PASS achievement rates following the use of this
implant. However, despite including 56 patients, our cohort
size is small in comparison to available studies evaluating
stemless and traditional stemmed TSA. Furthermore, our
study averaged only 29.2 month follow-up; additional
patient recruitment and long-term follow-up are warranted.

In addition, our study is limited by the lack of reopera-
tive SANE and ASES scores. Postoperative SANE and
ASES scores were reported, however, the absence of pre-
operative scores limits patient baseline evaluation and ana-
lysis of treatment effects. Postoperative SANE and ASES
scores were compared to established PASS thresholds,
and new literature may report changing SANE and ASES
threshold cutoff scores to achieve PASS. In addition,
PASS thresholds may inaccurately estimate patient satisfac-
tion and may not be generalizable to all patient populations.
Finally, while two year range of motion measurements was
available for most patients, they were not universally avail-
able; and thus these are not reported.

Conclusion

Patients undergoing TSA with a nonspherical humeral com-
ponent and an inlay glenoid experienced few complications
and achieved PASS for SANE and ASES at a high rate at
minimum two year follow up. Our study provides add-
itional short term evidence supporting the successful use
of this implant as a treatment option for glenohumeral
arthritis.
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