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Paper #1 ± SUBSCAPULARIS SPARING TOTAL SHOULDER
ARTHROPLASTY: A PROSPECTIVE, DOUBLE BLINDED,
RANDOMIZED CLINICAL TRIAL
Young W. Kwon, MD, PhD, Joseph D. Zuckerman, MD, NYU
Hospital for Joint Diseases, Department of Orthopaedic Surgery, New
York, New York, USA

Introduction: While total shoulder arthroplasty (TSA) is gen-
erally associated with good to excellent outcomes in majority of patients,
the integrity and the function of the subscapularis tendon may be
compromised after the procedure and lead to inferior outcomes.
Therefore, the efficacy of a subscapularis sparing TSA procedure
was evaluated in a prospective, double blinded, randomized
study.

Methods: With IRB approval, patients with end stage osteoar-
thritis of the shoulder were enrolled into a prospective clinical trial
from 2010 to 2014. These patients were randomized into two groups.
Group 1 patients were treated with TSA using the subscapularis sparing
surgical approach in which the prosthesis was inserted entirely through
the rotator interval without violating the subscapularis tendon
(SPARING). Group 2 patients were treated with TSA using the stan-
dard surgical approach with subscapularis tenotomy (STANDARD).
Both the patient and the evaluators remained “blinded” to the sur-
gical approach throughout the study period. Minimum 2 year outcome
data was collected using the visual analog score (VAS) for pain and
the American Shoulder and Elbow Surgeon (ASES) outcome
score.

Results: A total of 107 shoulders were enrolled (57 SPARING,
50 STANDARD). Of these, 14 TSA procedures could not be com-
pleted as initially randomized. In addition, 3 patients expired (unrelated
to the procedure), 7 patients withdrew from the study, and 2 moved
away. Of the remaining 81 patients, 2 year outcome data could
not be collected from another 11. Thus, complete 2 year outcome
data was collected from 32 SPARING and 38 STANDARD patients
at an average follow up of 31.1 and 34.4 months, respectively. The
ASES score and VAS for the SPARING group improved significantly
from 29.3 ± 12.5 and 6.6 ± 2.1 to 82.6 ± 18.8 and 1.6 ± 2.2
(mean ± standard deviation). Similarly, the ASES score and VAS for
the STANDARD group also improved significantly from 32.8 ± 16.1
and 6.3 ± 2.4 to 87.1 ± 14.5 and 1.0 ± 1.7. In comparison to their
pre-operative status, the ASES score for the SPARING and the
STANDARD groups improved 53.9 ± 22.3 and 54.0 ± 18.7 points,
respectively. The VAS for the SPARING and the STANDARD groups
also improved 5.1 ± 3.1 and 5.3 ± 2.5 points, respectively. Neither
of these differences between the SPARING and the STANDARD
groups reached statistical significance. Complication profiles were
similar in both groups with 3 in the SPARING group and 2 patients
in the STANDARD group requiring revision surgery during the
study period.

Discussion: At a short term follow up, the outcome of TSA using
the subscapularis sparing surgical approach was similar to that after
TSA using the standard surgical approach. Future studies with longer
follow up of these patients will be required to document the poten-
tial benefits of this surgical technique.

Paper #2 ± FINITE ELEMENT ANALYSIS OF
GLENOID-SIDED LATERALIZATION IN REVERSE SHOULDER
ARTHROPLASTY
Patrick J. Denard, MDa,b, Evan S. Lederman, MDc,d,
Bradford O. Parsons, MDe, Anthony A. Romeo, MDf, aSouthern
Oregon Orthopedics, Medford, Oregon, USA; bDepartment of
Orthopaedic & Rehabilitation, Oregon Health & Science University,
Portland, Oregon, USA; cThe Orthopedic Clinic Association, Phoenix,
Arizona, USA; dDepartment of Orthopedic Surgery, Banner University
Medical Center, Phoenix, Arizona, USA; eLeni and Peter W. May
Department of Orthopaedic Surgery at the Icahn School of Medicine
at Mount Sinai, New York, New York, USA; fRush University Medical
Center, Chicago, Illinois, USA

Background: The purpose of this study was to evaluate glenoid-
sided lateralization in reverse shoulder arthroplasty (RSA) and compare
bony and prosthetic lateralization. The hypothesis was that stress and
displacement would increase with progressive bony lateralization and
be lower with prosthetic lateralization.

Materials and Methods: A 3D finite element analysis (FEA)
was performed on a commercially available RSA prosthesis. Stress
and displacement were evaluated at baseline and following 5, 10,
and 15 mm of bony or prosthetic lateralization. Additional vari-
ables included glenosphere size, baseplate orientation, and peripheral
screw orientation.

Results: Maximum stress for a 36 mm glenosphere without bone
graft increased by 137% for the 5 mm graft, 187% for the 10 mm
graft, and 196% for the 15 mm graft. Likewise, displacement pro-
gressively increased with increasing graft thickness. Stress and
displacement were reduced with a smaller glenosphere, inferior tilt
of the baseplate, and divergent peripheral screws. Compared to bony
lateralization, stress was lower with prosthetic lateralization through
the glenosphere or baseplate. Displacement with 5 mm of bony lat-
eralization reached recommended maximal amounts for osseous
integration, whereas this level was not reached until 10 to 15 mm
of prosthetic lateralization.

Conclusion: Baseplate stress and displacement in an FEA model
is lower with a smaller glenosphere, inferior tilt, and divergent screws.
Bony lateralization increases stress and displacement to a greater
degree than prosthetic lateralization. It appears that at least 10 mm
of prosthetic lateralization is mechanically acceptable during RSA,
but only 5 mm of bony lateralization is advised (Figs. 1 and 2).

Saturday, March 18, 2017, San Diego, CA Figure 1 Stress and lateralization.
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Paper #3 ± WEAR RATES OF 32 MM AND 40 MM
GLENOSPHERES IN A REVERSE TOTAL SHOULDER
ARTHROPLASTY IN VITRO WEAR SIMULATION MODEL
John R. Haggart, MDa, Michael D. Newton, MSa,
Anthony Ho, MDa, Samantha Hartner, BSa, Kevin C. Baker, PhDa,b,
Michael D. Kurdziel, MSa,b, J. Michael Wiater, MDa,b, aDepartment
of Orthopaedic Surgery, Beaumont Health System Royal Oak,
Michigan, USA; bDepartment of Orthopaedic Surgery, Oakland
University William Beaumont School of Medicine, Rochester, Michigan,
USA

Purpose: Larger glenosphere diameters have been shown to in-
crease prosthesis stability and impingement-free range of motion in
reverse total shoulder arthroplasty (rTSA). Higher wear rates in-
crease the potential for polyethylene wear-induced osteolysis and aseptic
component loosening. The goal of this study is to evaluate the rate
of polyethylene wear for 32 mm and 40 mm glenosphere sizes uti-
lized in rTSA. It is hypothesized that increased polyethylene wear occurs
with larger glenosphere diameters.

Methods: Twelve commercially available CoCrMo glenospheres
(size 32 mm and 40 mm, n = 6/group) and their respective humeral
liners were subjected to 5 million cycles (MC) of a previously estab-
lished wear simulation protocol, representing 5-7 years of device life.
Two motion profiles, abduction-addiction (20-618N) and flexion-
extension (20-927N), were alternated every 250,000 cycles. Individual
stations were enclosed in bowls filled with bovine calf serum as lu-
brication. Every 250,000 cycles, liners were removed and mass loss
was determined gravimetrically according to ISO Standard 14242-2
and converted to volume loss and volumetric wear rate (VWR). At
0, 2.5, and 5 MC, liners were imaged using micro-computer tomog-
raphy (µCT) to determine linear surface deviation of the bearing surface
due to wear. Liner volumes were isolated from µCT scans, volumes
were co-registered, and surface deviations between time points were
mapped across the entire bearing surface and by quadrant. White
light interferometry was also performed at five locations of the humeral
liners at 0, 2.5, and 5 MC to determine changes in micro-scale surface
roughness. Wear particles were isolated from test serum from both
motion profiles at the beginning and conclusion of testing and imaged
via scanning electron microscopy (SEM) for characterization of wear
particle morphology.

Results: Total volume loss was significantly higher in 40 mm liners
at 0.5 MC and all time points from 1 MC onward (Fig. 1, A). VWR
was significantly higher in 40 mm liners for all flexion-extension time
points (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5 MC) as well as at
1.25 and 2.75 MC abduction-adduction time points (Fig. 1, B). Overall,
the flexion-extension motion profile induced higher VWRs than
abduction-adduction for both liner geometries. Representative µCT
surface deviation maps are shown in Figure 1, C and demonstrate
concentration of bearing surface deviation on the inferior aspect of
the liner. Mean bearing surface deviation between 0 and 5 MC was
significantly higher on 32 mm liners (0.35 ± 0.03 mm) compared to

40 mm liners (0.28 ± 0.01 mm, P = .002). Surface roughness (Sa)
was 0.033 ± 0.003 µm and 0.025 ± 0.003 µm for 32 mm and 40 mm
humeral liners, respectively, at 0 cycles and 0.022 ± 0.003 µm and
0.022 ± 0.003 µm at 5 MC cycles, respectively.

Conclusion: Larger glenospheres result in significantly greater
polyethylene volume loss and volumetric wear rates, while smaller
glenospheres lead to greater polyethylene surface deviations. These
results are consistent with the previously established relationships
between femoral head size and volumetric and linear wear rates in
total hip arthroplasty. The enhanced stability provided by larger
glenospheres must be weighed against the potential for increased poly-
ethylene wear and wear-induced osteolysis to reduce complication
rates in rTSA.

Paper #4 POSTERIOR AUGMENTED GLENOID
COMPARED TO NON-AUGMENTED GLENOIDS FOR
TREATMENT OF OSTEOARTHRITIS
Thomas W. Wright, MD, Christopher Roche, MS, MBA,
Sean G. Grey, MD, Pierre-Henri Flurin, MD,
Joseph D. Zuckerman, MD, UF Health Orthopaedic and Sports
Medicine Institute, Gainesville, Florida, USA

Introduction: Glenoid wear characteristics of osteoarthritis of
the shoulder often are a B2 biconcave retroverted glenoid. Patients
with severe B2 glenoids have inferior clinical results after an ana-
tomic TSA. Some surgeons have abandoned an aTSA in favor of a
RTSA in this patient population. The purpose of this study is to present
the clinical results of a wedge posterior augmented glenoid (PAG)
used in patients with B2 glenoids and compare it to an age, sex and
follow-up matched cohort of patients undergoing a standard TSA (non
augmented-NAG) without posterior glenoid bone loss. Our hypoth-
esis is that the PAG patients with posterior bone loss will perform as
well as the NAG patients without glenoid bone loss.

Materials and Methods: Preoperative and postoperative data
was analyzed from 74 patients with an aTSA and a minimum of 2
years follow-up. 37 patients with posterior glenoid wear treated with
a PAG were age, gender, and follow-up matched to aTSA NAG pa-
tients with no posterior glenoid wear. 37 patients (12 female, avg:
64.3 yrs; 25 male, avg: 65.3 yrs) received a primary wedge PAG
aTSA shoulder for treatment of degenerative arthritis with posterior
glenoid wear. 37 patients (12 female, avg: 65.0 yrs; 25 male, avg:
65.0 yrs) received a primary aTSA shoulder for treatment of degen-
erative arthritis without posterior glenoid wear. Patients were evaluated
and scored pre-operatively and at latest follow-up using the SST, UCLA,
ASES, Constant, and SPADI scoring metrics; active abduction, ele-
vation, and external rotation were also measured. Internal rotation
was also measured by vertebral segments. A Student’s two-tailed,
unpaired t-test was used to identify differences in pre-operative and
post-operative results, where P < .05 denoted a significant difference.

Figure 2 Displacement and lateralization.

Figure 1 Total volume loss (A) and volumetric wear rate (B) of
humeral liners subjected to 5 million cycles (MC) of alternating flexion-
extension and abduction-adduction motion profiles. Error bars
represent ± 1 standard deviation. *denotes statistical significance
at P < .05. Representative surface deviation maps (C) of 32 and
40 mm liners demonstrating linear bearing surface wear after 5
million cycles of alternating flexion-extension and abduction-
adduction motion profiles.
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Results: All patients demonstrated significant improvements in
pain and function following treatment with the primary shoulder ar-
throplasty. The database contained 0 complications for the aTSA patients
with a PAG and 1 complication for the NAG cohort (2.7%). 15 of
26 posterior augment glenoid patients had a radiolucent line (57.7%)
with an average radiographic line score of 1.11 (8 Grade 1, 2 Grade
2, 4 Grade 3, 1 Grade 5). 12 of 34 UHMWPE peg glenoid pa-
tients had a radiolucent line (35.3%) with an average radiographic
line score of 0.618 (6 Grade 1, 3 Grade 2, and 3 Grade 3). Ra-
diographic scores were not significantly different (Table 1).

Conclusion: PAG at a minimal of 2 year follow-up performed
as well as the NAG group with no posterior glenoid bone loss. There
were no revisions to date. There has been no repeat posterior sub-
luxation of the joint to date. While the radiographic lucent line scores
were greater in the PAG compared to the NAG it did not reach sta-
tistical significance. Based on short term follow-up the wedge PAG
outperformed previous clinical studies which have reported inferior
results when a B2 glenoid is being treated with an aTSA.

Paper #5 THREE-DIMENSIONAL PREOPERATIVE
PLANNING AND PATIENTS SPECIFIC INSTRUMENTATION
IMPROVE GLENOID COMPONENT POSITIONING
Joseph P. Iannotti, MD, PhD, Kyle Walker, MD,
Eric Rodriguez, BS, Thomas E. Patterson, PhD, Bong Jae Jun, PhD,
Eric T. Ricchetti, MD, The Cleveland Clinic, Orthopaedic and
Rheumatologic Institute, Cleveland, Ohio, USA

Introduction: The use of three-dimensional (3-D) preoperative
planning and patient specific surgical instrumentation (PSI) have been
shown to improve surgeon accuracy in achieving desired glenoid
implant position during total shoulder arthroplasty (TSA). While a
number of PSI tools are currently available for glenoid guide pin place-
ment in TSA, no studies to date have compared technologies against
each other. The purpose of this study is to evaluate the use of 3-D
preoperative planning with and without the use of different PSI tools
in TSA to compare the accuracy of glenoid component placement
across groups and to historical controls using standard two-
dimensional (2-D) imaging and standard instrumentation. We
hypothesize that the use of PSI technology will improve accuracy com-
pared to standard instrumentation with standard 2-D imaging or 3-D
preoperative planning alone, particularly in cases with more severe
preoperative glenoid pathology.

Methods: Seventy-two patients with end stage glenohumeral os-
teoarthritis have been enrolled in a prospective randomized controlled
trial (RCT) to assess glenoid component placement in anatomic TSA.
All patients underwent a preoperative 3-D computed tomographic
(CT) scan of the operative shoulder with images imported into 3-D
preoperative planning software (OrthoVis™, Cleveland Clinic) used
to determine optimal glenoid component and guide pin position based
on surgeon preference. Patients were then randomized into 5 dif-
ferent groups based on the surgical tools used for glenoid guide pin
placement at the time of surgery: (1) standard instrumentation alone
(3DP, 16 patients), (2) standard instrumentation and use of a 3-D scap-
ular model of planned guide pin placement or “SmartBone”
(SmartBone, 13 patients), (3) SmartBone and use of “real-time in-
strumentation,” a hand-made PMMA mold PSI (RTI, 14 patients), (4)
SmartBone and use of “intelligent reusable instrumentation,” an ad-
justable, reusable PSI (IRI, 16 patients), and (5) use of the IRI tool
with “SmartBase,” an adjustable, reusable calibration device for setting
IRI position (SmartBase, 13 patients). Postoperatively, all patients un-
derwent a 3-D CT scan with metal artifact reduction to compare actual
glenoid component position with the preoperative plan to determine
the accuracy of intraoperative guide pin placement. Implants were
measured for deviation from plan in terms of orientation and trans-
lation. The surgical groups were also compared to a historical, non-
randomized control group of 16 patients that underwent TSA with
standard 2-D imaging and standard instrumentation only (SOC). Mean
deviations from plan for each parameter were assessed for significant
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differences across groups. An outlier analysis was also performed
across groups to determine the frequency of implants with devia-
tions from plan above 50 and 100 for version and/or inclination. The
outlier analysis was further assessed across groups based on Walch
classification (A glenoids vs. B/C glenoids).

Results: There was significantly lower mean deviation from plan
for version in the SmartBase group compared to both the IRI group
and the SOC group (Table 1). There were no other significant dif-
ferences in version accuracy across groups. All 5 groups from the

RCT showed significantly lower mean deviation from plan for incli-
nation compared to the SOC group (Table 1). No significant differences
in accuracy were seen across groups for implant translation (Table 1).
A significantly higher frequency of implants with greater than 50

(P = .001) or 100 (P < .001) deviation from plan for inclination was
seen in the SOC group when compared to any of the RCT groups
(Fig. 1). When sub-analyzed by Walch classification, this finding held
for A glenoids and B/C glenoids (Table 2). Walch B/C glenoids as
a whole also showed a significantly higher frequency of implants with

Table 1 Mean, standard deviation, and 95% confidence intervals (CI95) of the absolute deviation from preoperative plan for ori-
entation (version, inclination) and translation (AP, SI) of each surgical group.

Absolute Deviation from Preoperative Plan

Orientation (Degrees) Translation (mm)

Version Inclination AP SI

SOC 6.44 ± 3.84
(CI95: 4.39 – 8.48)

11.06 ± 7.01
(CI95: 7.33 – 14.79)

2.18 ± 2.06
(CI95: 1.08 – 3.27)

1.94 ± 1.29
(CI95: 1.25 – 2.63)

3DP 3.31 ± 2.46
(CI95: 2.00 – 4.62)

3.86 ± 3.17
(CI95: 2.17 – 5.56)*

1.16 ± 0.743
(CI95: 0.768 – 1.56)

1.40 ± 1.21
(CI95: 0.756 – 2.05)

SmartBone 4.18 ± 3.39
(CI95: 2.03 – 6.34)

3.25 ± 2.76
(CI95: 1.49 – 5.01)*

1.27 ± 0.788
(CI95: 0.767 – 1.77)

1.55 ± 0.668
(CI95: 1.13 – 1.98)

RTI 4.12 ± 3.24
(CI95: 2.16 – 6.08)

2.52 ± 1.65
(CI95: 1.52 – 3.52)*

1.20 ± 0.902
(CI95: 0.659 – 1.75)

1.27 ± 0.808
(CI95: 0.787 – 1.76)

IRI 4.49 ± 1.46
(CI95: 3.45 – 5.55)

2.21 ± 1.81
(CI95: 1.21 – 3.21)*

1.09 ± 0.737
(CI95: 0.689 – 1.51)

1.42 ± 0.849
(CI95: 0.948 – 1.89)

SmartBase 2.37 ± 1.46
(CI95: 1.44 – 3.30)*†

2.79 ± 1.93
(CI95: 1.57 – 4.02)*

0.958 ± 0.701
(CI95: 0.513 – 1.40)

1.29 ± 0.992
(CI95: 0.663 – 1.92)

* Indicates statistical significance when compared to the historical SOC group.
† Indicates statistical significance when compared to one or more of the groups in the RCT.

Table 2 Frequency of outliers in terms of orientation (version, inclination) when grouped by deviations from plan above 50 and 100.
Statistical significance (marked by *) is seen in both Walch A glenoids and combined Walch B/C glenoids for inclination using both 50

and 100 outlier cutoffs. Statistical significance (marked by *) was also seen in Walch B/C glenoids for version using a 100 outlier cutoff.

Absolute Deviation from Preoperative Plan

Walch A

Version >5° Inclination >5° Version >10° Inclination >10°

SOC 6/10 7/10 0/10 5/5
3DP 3/9 3/9 0/9 0/9
SmartBone 4/11 1/11 0/11 0/11
RTI 2/5 0/5 1/5 0/5
IRI 3/7 1/7 0/7 0/7
SmartBase 0/8 1/8 0/8 0/8
P-value .42 .014* .12 <.001*

Walch B/C

Version >5° Inclination >5° Version >10° Inclination >10°

SOC 2/4 4/4 2/4 2/2
3DP 1/7 2/7 0/7 1/7
SmartBone 1/2 1/2 1/2 0/2
RTI 3/9 1/9 0/9 0/9
IRI 4/9 1/9 0/9 0/9
SmartBase 2/5 1/5 0/5 0/5
P-value .81 .014* .008* .043*
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greater than 100 (P = .008) deviation from plan for version in the
SOC group when compared to the RCT groups as whole (Table 2).

Discussion and Conclusions: Three-dimensional preoper-
ative planning, with or without the use of PSI, can significantly improve
glenoid component placement in TSA compared to standard 2-D
imaging with standard instrumentation, particularly for component
inclination. An adjustable, reusable calibration device (SmartBase)
may help to significantly improve accuracy of guide pin placement
with PSI. The improved accuracy of 3-D pre-operative planning with
or without PSI may be most pronounced in more pathologic glenoids
(Walch B or C). This study demonstrates that surgeons have multiple
PSI options for improving glenoid implant placement. The technolo-
gy utilized can be tailored to each patient based on surgeon preference,
surgical exposure, and degree of pathology.

Paper #6 LIPOSOMAL BUPIVACAINE VS. INTERSCALENE
NERVE BLOCK FOR PAIN CONTROL AFTER SHOULDER
ARTHROPLASTY: A PROSPECTIVE RANDOMIZED TRIAL
Kelechi R. Okoroha, MD, Jonathan R. Lynch, MD,
Robert A. Keller, MD, John Korona, BS, Chad Amato, BA,
Brian K. Rill, MD, Patricia A. Kolowich, MD,
Stephanie J. Muh, MD, Department of Orthopaedic Surgery, Henry
Ford Hospital, Detroit, Michigan, USA

Purpose/Hypothesis: Our hypothesis was that in patients un-
dergoing shoulder arthroplasty, a prospective randomized trial would
find no significant differences in average daily pain scores between
those treated with interscalene nerve block (INB) versus local lipo-
somal bupivacaine (LB).

Methods: Sixty patients undergoing primary shoulder arthro-
plasty were assessed for eligibility. Study arms included either
intraoperative local infiltration of LB (20 mL-bupivacaine/20 mL-
saline) or preoperative INB, with a primary outcome of postoperative
average daily visual analogue scores for 4 days. Secondary out-
comes assessed included opioid consumption, length of stay, and
complications. Randomization was by a computerized algorithm. Only
the observer was blinded to the intervention.

Results: Three patients were excluded, all before randomiza-
tion. A total of 57 patients were analyzed. Outcomes showed a
significant increase in pain in the LB group between 0-8 hours post-
operatively; mean [SD] 5.3[2.2] versus 2.5[3.0], p = .001. A significant
increase in intravenous morphine equivalents was found in the INB
group at 13-16 hours, mean [SD] 1.2[0.9] versus 0.6[.7], p = .01.

No significant differences were found in any variable after postop-
erative day 0 between the two groups.

Conclusion: An increase in early postoperative pain on the day
of surgery was found with LB, while the INB group required more
narcotics at the end of the day. Following the day of surgery there
were no significant differences found in any variables. These find-
ings suggest that liposomal bupivacaine provides similar overall pain
relief as interscalene nerve block, with no increase in complications
or length of stay and a decrease in narcotic requirements on the day
of surgery.

Level of Evidence: Prospective Randomized trial, Level 1.
Key Words: Total shoulder arthroplasty, reverse total shoulder

arthroplasty, pain control, liposomal bupivacaine, interscalene nerve
block, local infiltration.

Paper #7 SINGLE SHOT VS. CONTINUOUS
INTERSCALENE BLOCK FOR POSTOPERATIVE PAIN CONTROL
FOLLOWING PRIMARY SHOULDER ARTHROPLASTY: A
PROSPECTIVE RANDOMIZED CLINICAL TRIAL
Samer S. Hasan, MD, PhD, Robert H. Rolf, MD,
Chris Scheuerman, BSN, RN, Kathryn Eten, BSN, RN,
Thomas R. Elsass, MD, Orthopedic Center of Excellence, COSAS,
Inc./PAS Division, Good Samaritan Hospital, Beacon Orthopaedics
& Sports Medicine, Cincinnati SportsMedicine and Orthopaedic
Center/MercyHealth, Cincinnati, Ohio, USA

Introduction: Postoperative pain after prosthetic shoulder ar-
throplasty impacts patient satisfaction and hospital length of stay so
that minimizing this is a priority for health care providers and es-
sential for optimizing health care value. Regional anesthesia is a
commonly used cornerstone of multimodal perioperative pain man-
agement strategy for shoulder surgery. Moreover, the efficacy of
regional anesthesia can be extended by continuous catheter infu-
sion of local anesthetics. However, concerns remain regarding the
safety of continuous regional anesthesia and comparative studies are
lacking. The study purpose was to compare continuous interscalene
block with single shot interscalene block for postoperative pain control
after primary shoulder arthroplasty, and the hypothesis was that the
two interventions would offer similar safety and efficacy.

Methods: All patients undergoing primary shoulder arthro-
plasty by one of two fellowship trained shoulder surgeons at a single
busy community hospital were considered for this randomized clin-
ical trial. Eighty-one patients were consented to participate in this study,
but of these, 5 patients were withdrawn from the study for various
reasons, including inability to be randomized to the continuous
interscalene block due to current health status and comorbidities (4
patients), and patient withdrawal of consent on day of surgery (1
patient). The remaining 76 patients were randomly assigned to Group
1: 37 patients receiving single shot interscalene block and Group 2:
39 patients receiving continuous interscalene block. A priori power
analysis determined that 33 patients would be needed in each group.
All patients underwent preoperative ultrasound-guided regional an-
esthesia. Patients undergoing single shot nerve block received a one-
time dose of 30 ml 0.5% preservative-free ropivacaine. Patients
undergoing continuous nerve block received a single injection of 30 ml
0.5% preservative-free ropivacaine followed by threading an 18 gauge
open-tip stimulating catheter under ultrasound guidance. Following
confirmation of catheter tip placement, patients received continuous
infusion of 8 ml/hr of 0.2% preservative-free ropivacaine, begin-
ning at the conclusion of surgery, and delivered for approximately
55 hours by means of a catheter attached to an elastomeric infu-
sion system. Patients underwent preoperative assessments and daily
postoperative queries including 10-point VAS score and a 5 point
Likert scale to score overall satisfaction. Postoperative opioid use was
carefully recorded and converted to morphine sulfate equivalent to
facilitate comparisons. In addition, hospital length of stay, instances
of catheter tip withdrawal, and adverse events arising perioperatively
were recorded.
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Results: Thirty-five of the 76 patients were female and 41 were
male, and mean age was 68.6 years (SD 8.8 years). Fifty patients
(65.8%) underwent anatomic total shoulder arthroplasty, 21 under-
went reverse shoulder arthroplasty, and 5 underwent either resurfacing
or stemmed hemiarthroplasty. No differences between Groups 1 and
2 were detected at P < .05 level of significance for any of the de-
mographic variables, including age, gender, body mass index,
comorbidities, ASA level, and duration of surgery. Four patients re-
ceiving catheters for continuous infusion subsequently had their catheters
pull out prematurely; however, these patients remained in Group 2
because of intent to treat. Pain scores on the first postoperative day
(POD#1) were significantly lower in the continuous nerve block group
(P = .010) but these subsequently normalized. In addition, opioid use
was substantially lower in the continuous nerve block group (15 mg
vs. 22.5 mg, P = .003). There was no difference in hospital length
of stay (1.4 days vs. 1.8 days, P = .142) with the numbers avail-
able. Opioid use and pain were highly correlated on day of surgery
as well as on POD #1 and POD #2. Adverse event rates were higher
in the continuous catheter group (8/39 vs. 2/37) but this difference
was not statistically significant (P = .087). The most common adverse
event in the continuous nerve bock group was 3 syncopal episodes,
one of which resulted in pacemaker implantation; there were no in-
stances of pneumothorax or catheter tip breakage.

Discussion: This study demonstrates that opioid use and pain
levels during the first day postoperatively are substantially less fol-
lowing continuous interscalene nerve block than following single shot
block. However, this did not translate to a shorter length of stay in
the continuous nerve group. In addition, this study demonstrates that
experienced anesthesiologists at a community hospital are able to
insert interscalene catheters reproducibly and without serious com-
plications. However, the study also demonstrates that the overall rate
of adverse events is greater following continuous nerve block. In ad-
dition, the rate of catheter tip withdrawal (4/39 = 10.3%) remains
too great and must be reduced. Further study is necessary to deter-
mine whether the benefits of continuous nerve block justify the higher
cost and overall complication rate. In addition, further study will be
needed to compare continuous nerve block to other emerging
perioperative pain management interventions such as liposomal
bupivacaine and various “cocktail” infiltrations.

Paper #8 STAGE 1 SHOULDER ARTHROPLASTY: RISK
FACTORS FOR REPEAT STAGE 1, SPACER RETENTION AND
MORTALITY
Jourdan M. Cancienne, MD, Stephen F. Brockmeier, MD,
Brian C. Werner, MD, University of Virginia, Virginia, USA

Objectives: Reports of two-stage procedures for infection after
shoulder arthroplasty, which includes prosthesis removal, antibiotic
cement spacer placement, and plan for later re-implantation after erad-
ication of infection, are limited to very small institutional series. The
objective of the present study is to provide a national perspective on
the outcomes at one year following stage 1 shoulder arthroplasty
(removal of prosthesis and implantation of antibiotic cement spacer)
and risk factors for outcomes other than re-implantation during that
time period.

Methods: A national patient record database was queried for
Medicare patients who underwent removal of an infected shoulder
prosthesis and placement of an antibiotic spacer between 2005 and
2012. Patients with at least one year of follow-up in the database
and patients with a study endpoint within one year postoperatively
were included in the study. Patients with prosthesis removal for in-
dications of than periprosthetic infection were excluded. Study endpoints
included: 1) in-hospital mortality within 1 year, 2) repeat stage 1 TSA
within 1 year, 3) girdlestone operation within 1 year and 4) re-
implantation of shoulder arthroplasty within 1 year. Independent risk
factors for repeat stage 1 TSA, no re-implantation and death within
1 year following stage 1 TSA were evaluated using logistic regres-
sion analysis.

Results: 975 patients who underwent shoulder arthroplasty pros-
thesis removal and cement spacer placement for infection met all
inclusion and exclusion criteria. Within 1 year postoperatively, 21
patients died (2.2%), 70 patients had a repeat stage I procedure (7.2%),
55 patients had a girdlestone-type procedure (5.6%), 349 patients
retained their spacers (35.8%) and the remaining 480 patients had
a shoulder arthroplasty re-implanted (49.2%) [Fig. 1]. Independent
risk factors for death within 1 year following stage 1 TSA include
older age, alcohol use, coronary artery disease (CAD) and hemo-
dialysis [Table 1]. Independent risk factors for repeat Stage 1 TSA
include younger age, morbid obesity, diabetes mellitus and CAD
[Table 1]. Independent risk factors for no re-implantation within one
year include female gender, older age, tobacco use, alcohol use and
inflammatory arthritis [Table 1].

Conclusions: At one year following shoulder arthroplasty removal
and cement spacer placement for periprosthetic infection (stage 1),
only half of patients undergo re-implantation. One third of patients
retain their spacer and just less than 10% require repeat stage 1 pro-
cedures. Death is uncommon in the first year following stage 1 shoulder
arthroplasty. Numerous independent risk factors exist for repeat stage
1, no re-implantation or death within one year following index stage
1 shoulder arthroplasty.

Paper #9 EFFECTS OF AUTOLOGOUS TENOCYTE-SEEDED
NANOFIBROUS SCAFFOLDS IN ROTATOR CUFF REPAIR ARE
AGE-DEPENDENT
Julianne Huegel, PhD, Dong Hwa Kim, James M. Cirone, BS,
Adam M. Pardes, BS, Tyler R. Morris, MD, Courtney A. Nuss,
Robert L. Mauck, PhD, Louis J. Soslowsky, PhD,
Andrew F. Kuntz, MD, McKay Orthopaedic Research Laboratory,
University of Pennsylvania, Philadelphia, Pennsylvania, USA

Introduction: Rotator cuff tears affect millions of individuals each
year, with an increased prevalence in the elderly population. Al-
though advancements in surgical methods and rehabilitation protocols
have improved clinical results, rotator cuff repair failure remains
common.2 To further improve surgical outcomes, rotator cuff repair
augmentation has been studied, wherein scaffolds are used to aid

Figure 1
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in mechanical support at the time of surgery, and/or to deliver cells
and/or biologic factors to the repair site. Whether the success of such
therapies is age-dependent is unknown. Therefore, the objective of
this study was to determine the effects and mechanisms of action of
autologous juvenile, adult, and aged tenocytes delivered using aligned
nanofibrous scaffolds on healing tissue properties in our novel rat
model of augmented rotator cuff repair.1 Our hypotheses were: 1)
Tenocyte-seeded scaffolds will increase collagen and cell organiza-
tion at the repair site compared to scaffold only controls, resulting
in enhanced tendon-bone healing with improved mechanical prop-
erties. 2) Tenocytes from juvenile rats will result in greater improvement
of functional outcomes in cuff healing compared to adult or aged rats.

Methods: A total of 57 Fisher (F-344) rats were divided into
three age groups: juvenile (4 weeks), adult (8 months) and aged (16
months). Animals underwent bilateral transection of their supraspi-
natus tendons and simultaneous harvest of the intra-articular biceps
tendons. Biceps tendon cells were harvested by morselizing explant
tissue and allowing cell migration onto tissue culture surfaces over
1 week. Cells were expanded in culture and split at confluence. At
P2, cells from each donor were seeded onto an electrospun poly(ε-
caprolactone) (PCL) nanofibrous scaffold (3 × 5 × 0.5 mm) at 2 × 105

cells/scaffold. Three weeks later, augmented supraspinatus repair was
performed in which the right shoulder received a tenocyte-seeded scaf-
fold while the left shoulder received an acellular scaffold as a control.
Animals were sacrificed 8 weeks after the second surgery and frozen
(for mechanical analysis, n = 12) or fixed in formalin (for histologic
analysis, n = 6). One additional animal from each age group re-
ceived Qtracker labeled cells bilaterally for cell tracking and was
sacrificed at 1 week. Tissues were cryosectioned and processed for
fluorescent imaging. Tendon Mechanical Testing: For testing, animals
were thawed and the humerus was dissected with the supraspinatus
intact. For local optical strain measurement, stain lines were placed
on the tendon. Cross sectional area was measured using a custom
laser device. Tensile testing was performed as: preload, preconditioning,

stress relaxation, and ramp to failure. Stress was calculated as force
divided by initial area and 2D Lagrangian strain was determined.
Histology: Tendons were processed using paraffin procedures. Coronal
sections (7 um) were collected and stained with Hematoxylin–Eosin
(H&E) or Safranin O-Fast Green (SafO). Cell density and cell shape
were graded by three blinded investigators, using a scale of 1-3
(1 = low, 2 = moderate, 3 = high) for cellularity and 1-3 (1 = spindle
shaped, 2 = mixed, 3 = rounded) for cell shape. SafO staining was
quantified using ImageJ. Polarized light images were used to quan-
titate tendon organization as described.3 Tissue mechanics, SafO
quantification, and polarized light analysis were assessed using t-tests,
comparing scaffold control and cell-seeded scaffold treatment within
age groups. Histology scores were evaluated using a Mann-
Whitney test. Significance was set at P < .05 (*), trends at P < .1 (†);
** denotes P < .01.

Results: The presence of delivered tenocytes in the shoulder one
week after surgery was confirmed via fluorescent imaging of Qtracker-
labeled tenocytes. Concurrent in vitro culture of labeled cells
demonstrated that tenocytes readily adhered to and colonized the
PCL scaffolds (data not shown). Elastic and viscoelastic mechanical
properties improved with cell-seeded scaffolds in both juvenile and
aged animals when compared to scaffold-only controls. Specifical-
ly, in cell-seeded groups, stiffness and midsubstance modulus increased
in juvenile animals, and midsubstance modulus increased in aged
animals, with a trend toward an increase in stiffness (Fig. 1, A-B).
Similar improvements in insertion modulus were also noted (data not
shown). Stress relaxation decreased in juvenile animals (Fig. 1, C),
while maximum stress increased in aged animals (Fig. 1, D) relative
to controls. Implantation of cell-seeded scaffolds also improved his-
tological parameters. Specifically, cells were significantly more spindle-
shaped in juvenile animals (insertion only, data not shown) and in
aged animals (trend, midsubstance only, data not shown), while cel-
lularity increased at the insertion in both juvenile and aged groups
(Fig. 2). Cell delivery decreased SafO staining in aged animals (data

Table 1 Summary of significant risk factors for study endpoints within 1 year postoperatively
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not shown), and increased collagen organization (decreased circu-
lar standard deviation) in both the insertion and midsubstance of aged
animals, and in the insertion of juvenile animals (Fig. 3). No changes
were seen in any parameter in adult animals.

Discussion: Results demonstrate that delivery of autologous
tenocytes to the healing supraspinatus is beneficial in juvenile and
aged animals, with no effect in adult animals. As aged animals exhibit
deteriorated tendon mechanical properties and healing potential,4 a
44% increase in maximum stress with cell augmentation denotes a
substantial improvement. Coupled with up to three-fold increases in
tendon modulus and stiffness, the improvements in tendon mechan-
ical strength for both aged and juvenile animals were striking. Increased
numbers of cells at the insertion of treated animals demonstrates a
more robust repair response, reflected in significant increases in col-
lagen organization. These data support earlier matrix remodeling and
increased collagen production after cell-augmented repair. While these
findings support our first hypothesis, our second hypothesis was not
substantiated. Surprisingly, both young and old animals benefitted
similarly, yet no changes were seen in adult animals. Adult tendons

are in relative “equilibrium” with regards to catabolic and anabolic
processes, so additional tenocytes likely only sustain regular repair
mechanisms. Conversely, juvenile tendons are actively growing whereas
aged tendons exhibit diminished cell activity and matrix turnover. In
these “imbalanced” states, the addition of a supplemental cell pop-
ulation contributes substantially to the healing process. Further research
will investigate precise mechanisms of action by which these cell popu-
lations improve tissue healing.
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Paper #10 ± STIFFNESS/CAPSULITIS AND ROTATOR CUFF
REPAIRâFRIEND OR FOE?
Prof.George A.C. Murrell, MD, Elizabeth R.X. Tham,
William J. McNamara, Jordan McGrath, Daniel Y.T. Yeo,
Lisa Hackett, Patrick H. Lam, PhD, Orthopaedic Research Institute,
St George Hospital Campus, UNSW, Sydney, Australia

Two common complications from rotator cuff repair are re-tear
and stiffness/capsulitis. Stiffness can also occur pre-operatively. There
are some authors who recommend waiting for the stiffness to resolve
before attempting rotator cuff repair. The aim of this study was to
determine whether stiffness/capsulitis is of benefit or detriment to
rotator cuff tendon healing.

Methods: Four studies were performed: (1) The morphologi-
cal appearance of the glenohumeral capsule and rotator cuff was
assessed with real-time ultrasound in 57 patients, 1 week, 6 weeks,
12 weeks and 24 weeks post arthroscopic rotator cuff repair with a
single row knotless inverted mattress configuration; (2) The effect of
pre-operative and/or post-operative stiffness on repair integrity was
evaluated in a cohort of 1500 patients undergoing rotator cuff repair
with the same technique; (3) The outcomes of patients who under-
went concomitant arthroscopic capsular release and rotator cuff repair
were compared with those who underwent arthroscopic rotator cuff
repair alone in matched cohorts of 25 and 170 patients, respective-
ly; (4) The relationship between intraoperative tear dimensions and
post-operative pain was evaluated in 1600 consecutive arthro-
scopic rotator cuff repairs.

Results: (1) At one week post rotator cuff repair, there was a
threefold increase in bursal thickness, a 30 % reduction in supraspi-
natus footprint width, an increase in tendon vascularity, and a twofold
increase in posterior glenohumeral capsular thickness. These changes
returned to those of the contralateral uninjured shoulder by 24 weeks.
Supraspinatus tendon thickness remained unchanged throughout.

Figure 1 Augmenting repair with autologous cells caused (A)
increased midsubstance modulus and (B) increased stiffness in both
juvenile and aged animals, (C) decreased stress relaxation in ju-
venile animals, and (D) increased max stress in aged animals.
(NC = Scaffold only, C = Cells).

I

Figure 2 There was a significant increase in cellularity at the
insertion of juvenile and aged tendons treated with cell- seeded
scaffolds compared to scaffold-only controls.

Figure 3 When comparing groups treated with cells to those
without cells, collagen fiber organization was increased at the both
the midsubstance and insertion in aged animals, and at the inser-
tion in juvenile animals.
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(2) After rotator cuff repair there was an overall 24% loss of
shoulder motion at 6 weeks, a partial recovery at 12 weeks, and
a full recovery at 24 weeks. Those shoulders which were stiff before
surgery were more likely to be stiff at six, 12, and, to a lesser extent,
24 weeks after surgery (r = 0.10 – 0.32; P < .002). Stiffer shoul-
ders pre-operatively and at six and 12 weeks (but not 24 weeks)
post-surgery had better rotator cuff integrity at 6 months post-
surgery (r = 0.11 – 0.17; P < .0001). The re-tear rate of patients
with less than 20 degrees external rotation six weeks post-surgery
was 7%; compared to 15% in those patients with more than 20
degrees of external rotation (P < .001).

(3) Patients who had arthroscopic rotator cuff repair concomi-
tantly with glenohumeral joint capsular release (for shoulder stiffness)
experienced very similar clinical outcomes to rotator cuff repair only
patients; with the exception that their repairs healed with superior
integrity. Patients in the repair only group had a re-tear rate of 20%
(34/170), while those who had a rotator cuff repair with capsu-
lar release had a re-tear rate of 0% (0/25) at 2 years (P < .009).

(4) Smaller rotator cuff tear area was associated with more fre-
quent and severe pain with overhead activities, at rest, and at night
as 6, 12 and 24 weeks after repair (r = 0.13-0.23; P < .0001),
and with better repair integrity at 6 months (P < .0001).

Conclusions: This study shows that the glenohumeral capsule
becomes transiently thicker after rotator cuff repair, and that this in-
crease in capsular thickness is associated with a transient restriction
of shoulder motion and pain, and better rotator cuff healing. The painful
healing response is more profound in smaller and partial thickness
tears and in younger patients. The data supports the hypothesis that
increased capsular thickness is a manifestation of an exuberant healing
response within the shoulder—a response that will ultimately be ben-
eficial to the integrity of the rotator cuff—i.e. friend, not foe!

Paper #11 A PROSPECTIVE EVALUATION OF PREDICTORS
OF PAIN AFTER ARTHROSCOPIC ROTATOR CUFF REPAIR:
PSYCHOSOCIAL FACTORS HAVE A STRONGER
ASSOCIATION THAN STRUCTURAL FACTORS
Amy L. Ravindra, MD, Grant L. Jones, MD,
Julie Y. Bishop, MD, Ohio State University Wexner Medical Center,
Columbus, Ohio, USA

Level Of Evidence: Level 2, prospective cohort.
Introduction: Arthroscopic rotator cuff repair (ARCR) has been

shown to relieve pain and improve function in patients with symp-
tomatic rotator cuff tears (RCT). A small percentage of patients, however,
report persistent shoulder pain and limitations post-operatively. The
ability to predict which patients will continue to report pain after surgery
is of great interest in the current healthcare climate, where quality
of care assessments and reimbursement are increasingly linked to patient
satisfaction and patient-reported outcome measures. Recent studies
have shown that non-structural factors, such as mental health and
coping skills, may be more influential than structural factors in pre-
dicting pain in patients presenting with a RCT. The relationship between
these psychosocial factors and post-surgical outcomes following ARCR

has not defined. The goal of this study is to prospectively evaluate
which pre-operative factors correlate with post-operative pain fol-
lowing ARCR. We hypothesized that non-structural factors, including
metrics of psychological well-being and pre-operative narcotic use,
will correlate with higher pain levels post-operatively, while structur-
al factors such as tear size will be less predictive.

Methods: 99 patients who were scheduled to undergo ARCR
by the senior authors were prospectively enrolled. They were sepa-
rated by tear size in to small (<1 cm), medium (1-3 cm) and large
(3-5 cm), with patients evenly distributed in each group. The inclu-
sion criteria were symptomatic, MRI-documented full-thickness or high-
grade partial thickness RCT. Massive tears, irreparable tears, and
revisions were excluded. Demographic data, tear-specific factors, and
measures of pre-operative pain and function were collected. This in-
cluded: gender, age, occupation, smoking status, tear mechanism
(traumatic versus atraumatic), MRI findings (tear size, location, degree
of atrophy and retraction), visual analog scale (VAS) pain scores, nar-
cotic usage, range of motion (ROM) by goniometry, and functional
and psychological assessments through the ASES, SST, WORC, and
RAND questionnaires. VAS pain scores (documented in a daily pain
journal) and range of motion was collected during post-operative visits
at 2 weeks, 6 weeks, 3 months, 6 months and 1 year. Number of
days on narcotics post-operatively was recorded. The ASES, SST,
WORC, and RAND questionnaires were repeated at the 1 year post-
operative visit. Post-operative pain using the VAS scores was the primary
outcome assessed. Pearson or Spearman correlation coefficients
between the pre-operative factors and VAS pain scores at each time
point were calculated.

Results: The mean age of our patient cohort was 56.4 years,
and consisted of 54% males. There were 68% traumatic tears and
11% smokers. 13% of patients reported using narcotics pre-
operatively. All repairs were arthroscopic double-row transosseous
equivalent. ROM, VAS, and ASES scores all improved significantly
from the pre-operative to the 1 year post-operative assessments: 136°
versus 164° in forward elevation (P < .001); 55° versus 64° in ex-
ternal rotation (P = .005); L3 versus T12 in internal rotation (P < .001);
4.2 versus 0.7 for VAS (P < .001); and 42.3 versus 91.9 for ASES
(P < .001). The mean number of days on narcotics was 23.7. 70% of
patients took narcotics for less than 1 week, 14% for 1 - 6 weeks,
and 16% for 6 weeks - 1 year. The following variables correlated

Table 1 Effect of patient demographic factors, tear- specif-
ic factors, and functional and psychological well-being on 1
year post-operative VAS pain scores

Variable Correlation
Coefficient

P-value

Age −0.010 .94
Gender 0.134 .13
Smoking status 0.039 .79
Tear Mechanism −0.056 .7
Tear Size −0.105 .47
Pre-operative VAS 0.444 .001*
Pre-operative Narcotic Use 0.339 .01*
Pre-operative ASES −0.165 .48
Pre-operative SST −0.046 .84
Pre-operative WORC—Composite −0.292 .03*
Pre-operative WORC—Emotion −0.276 .05*
Pre-operative RAND—Composite −0.134 .35
Pre-operative RAND—Emotion −0.272 .05*
Pre-operative Forward Elevation −0.093 .52
Pre-operative External Rotation −0.049 .73
Pre-operative Internal Rotation 0.198 .18
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with increased pain (VAS scores) at 1 year: pre-operative narcotic
use, higher pre-operative VAS scores, and lower scores on the WORC
index, WORC emotion section and RAND emotion section. Neither
tear characteristics nor demographic factors were predictive of pain
at one year. Correlation coefficients and p-values are shown in Table 1.

Conclusions: In evaluating surgical outcomes after ARCR, our
data shows that the factors most predictive of persistent post-
operative pain are psychosocial characteristics, including poor
performance on validated measures of emotional well-being. As ex-
pected, demographic and tear-specific structural factors did not correlate
with post-operative pain scores. These findings are consistent with
recent literature that has shown a relationship between mental health
and the degree of pain associated with shoulder pathology. However,
our data also shows that patients with low pre-operative emotional
scores, despite reporting persistent pain at one year, still demon-
strate improvement from their pre-operative baseline. We conclude
that ARCR is warranted in these patients, but see an opportunity for
intervention in the form of pre-operative counseling to set appropri-
ate patient expectations. This approach could lead to improved patient-
reported outcomes and patient satisfaction.

Paper #12 TERES MINOR HYPERTROPHY IS A COMMON
AND NEGATIVE PREDICTOR OF OUTCOMES AFTER ROTATOR
CUFF REPAIR
Charles A. Thigpen, PhD, PT, ATC, Michael J. Kissenberth, MD,
Quinn Hunt, Stephan J. Tolan, MD, Steven D. Swinehart, MD,
Christina S. Gutta, BS, MD, Troy A. Roberson, MD,
Richard J. Hawkins, MD, John M. Tokish, MD, Steadman Hawkins
Clinic of the Carolinas, Greenville Health System, ATI Physical Therapy,
Greenville, South Carolina, USA

Introduction: The teres minor has received increased atten-
tion in its role as a rotator cuff muscle, particularly in the setting of
large infraspinatus tears. Studies have shown that it plays an impor-
tant role after total (TSA) and reverse (RSA) shoulder arthroplasty,
as well as in maintenance of function in the setting of infraspinatus
wasting. In this regard, teres minor hypertrophy has been de-
scribed as a compensatory change in response to this infraspinatus
wasting, and has been suggested that this compensatory hypertro-
phy may mitigate the loss of infraspinatus function in the patient with
a large rotator cuff tear. No study, however, has investigated whether
teres minor hypertrophy is a positive or negative predictor on out-
comes after rotator cuff repair. The purpose of this study was to
determine the prevalence of teres minor hypertrophy in a cohort of
patients undergoing rotator cuff repair, and to determine its prog-
nostic effect, if any, on outcomes after surgical intervention.

Methods: Over a 3 year period, all rotator cuff repairs per-
formed in a single practice by 3 ASES member surgeons were collected.
Inclusion criteria included both preoperative and postoperative vali-
dated outcomes measures (minimum 2 year), and preoperative
Magnetic Resonance Imaging (MRI) scanning. 144 patients met all
criteria. All MRIs were evaluated for rotator cuff tear tendon involve-
ment, tear size, and Goutallier changes of each muscle. In addition,
occupational ratios were determined for the supraspinatus, infraspi-
natus, and teres minor muscles. Patients were divided into 2 groups,
based upon whether they had teres minor hypertrophy or not, based
on a previously established definition. A 2 way ANOVA was used
to determine the effect of teres minor hypertrophy and Goutallier
changes on American Shoulder and Elbow Society (ASES) change
scores(α = 0.05).

Results: Teres minor hypertrophy was a relatively common finding
in this cohort of rotator cuff patients, with 51% of all shoulders dem-
onstrating hypertrophy. Interestingly, in patients without an infraspinatus
tear, teres minor hypertrophy was still present in 19/40 (48%) of pa-
tients. Teres minor hypertrophy had a significant, negative effect ASES
scores after rotator cuff repair in patients with and without infraspi-
natus tearing, infraspinatus atrophy, and fatty infiltrative
changes(P < .05). In general, the presence of teres minor hypertrophy

showed 10-15% less improvement (Fig. 1) than when no hypertro-
phy was present, and this was consistent across all tear sizes,
independent of Goutallier changes.

Conclusions: Teres minor hypertrophy is a common finding in
the setting of rotator cuff tearing, including in the absence of infra-
spinatus tearing. Contrary to previous publications, the presence of
teres minor hypertrophy does not appear to be a compensatory re-
sponse to infraspinatus tearing nor is it a positive predictor of outcome,
at least in the setting of rotator cuff repair.

Paper #13 SURGICAL TREATMENT OF LATERAL
EPICONDYLITIS: A PROSPECTIVE, RANDOMIZED, DOUBLE
BLINDED, PLACEBO CONTROLLED CLINICAL TRIAL
Martin Kroslak, MBBS, MS, Prof.George A.C. Murrell, MD,
Orthopaedic Research Institute, St George Hospital, Kogarah, Australia

Introduction: A number of surgical techniques for managing
tennis elbow have been described, one of the commonest involves
excising the affected portion of extensor carpi radialis brevis (ECRB)
origin.1 The results of this technique, as well as most other de-
scribed surgical techniques for this condition, have been reported as
excellent, yet none have been compared with placebo surgery.

Methods: This study was a prospective, randomised, double
blinded, placebo controlled clinical trial investigating the surgical ex-
cision of the macroscopically degenerated portion of ECRB (Nirschl
technique; n = 13) compared with a sham operation (skin incision
and exposure of ECRB alone; n = 13) to manage chronic tennis elbow,
in patients with tennis elbow for more than 6 months who failed at
least two non-surgical modalities. The primary outcome measure was
defined as patient rated frequency of elbow pain with activity at 6
months post-surgery. Secondary outcome measures included patient
rated frequency and severity of pain, functional outcomes, range of
motion, epicondyle tenderness and strength at 6 months and >12
months post-surgery.

Results: The two groups were matched for age, gender, hand
dominance and duration of symptoms. Both the surgery and placebo
procedures improved patient rated pain frequency and severity, elbow
stiffness, difficulty with picking up objects, twisting motions and overall
elbow rating over 6 months and maintained the benefits after 12 months
(P < .01). Both procedures also improved epicondyle tenderness,
pronation-supination range, grip strength and modified ORI-TETS at
6 months (P < .05). No significant difference was observed between
the groups in any parameter at any stage. No side effects or com-
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Figure 1 Patients undergoing rotator cuff repair with teres minor
hypertrophy displayed significantly less improvement in ASES scores
at 2 years compared to those without hypertrophy.
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plications were reported. The study was stopped before the calculated
number of patients were enrolled, as a post-hoc analysis showed over
6500 patients would need to be recruited in each group to see a
significant difference between the groups at 26 weeks, when mea-
suring patient rated frequency of elbow pain with activity.

Conclusion: This study indicates that the surgical excision of the
degenerative portion of ECRB offers no additional benefit over and
above placebo surgery for the management of chronic tennis elbow.

Acknowledgements: This study was funded in part by the
AOSSM Sandy Kirkley Grant and the AGPT Registrar Scholarship
& Research Fund.

Frequency of pain with activity. Mean (SEM), n = 13 for each
group, * = P < .05, ** = P < .01, *** = P < .001 compared with
time 0w using Wilcoxon signed rank sum tests
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Paper #14 THE DISTAL BICEPS DEFICIENT ARM, “THE
SHORT ARC SYNDROME”
Christopher C. Schmidt, MDa, Brandon T. Brown, MSb,
Daniel L. Schmidtb, Michael P. Smolinski, BSb, Tyler J. Madonna, BSb,
Zubair Sarmast, MDa, Kenneth J. Faber, MD, FRCSC, MEdc,
Patrick J. Smolinski, PhDb, Mark C. Miller, PhDb, aUniversity of
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bDepartment of Mechanical Engineering, Pittsburgh, Pennsylvania,
USA; cWestern University Roth/McFarlane Hand and Upper Limb
Center, London, Ontario, Canada

Introduction: Long term functional loss following a distal biceps
rupture is difficult to quantify. Despite the 40% supination strength
loss, some patients can successfully adjust to their weakness.2,3,5 Their
adaptation may occur by changing their supination movement.5 The
purpose of this study is to measure the kinematic adaptation follow-
ing a distal biceps rupture by using a novel timed isotonic supination
test. We hypothesize that biceps deficient arms will compensate by
shortening the forearm arc of supination, shifting the center of su-
pination to a pronated position, and increasing the shoulder
contribution. This kinematic adjustment could result in less supina-
tion power.

Methods: After IRB approval, seven individuals with a chronic
(3.0 ± 2.3 yrs.) distal biceps rupture were matched by age and sex
to a control group of ten uninjured volunteers. The subjects were told
to move a visual wheel on a custom designed, constructed, and vali-
dated isotonic torque dynamometer (ITD) by supinating the handle.1
The ITD was designed to simulate turning screw or bolt. The sub-
jects used a combination of forearm and shoulder motion to rotate
the handle (Fig. 1). The starting arm for the control (dominant/non-
dominate) and biceps deficient subjects (uninjured/injured) were

randomized and positioned at 0° of shoulder abduction, 90° of elbow
flexion and at a neutral forearm position. The dynamometer provid-
ed torque resistance (25% of maximum torque). The ITD’s load cell
and encoder continuously measured the total handle arc (supina-
tion arc), direction of rotation, center of supination arc, torque, and
angular velocity. Motion analysis measures the shoulder contribu-
tion. Magnitude of supination arc, center of supination arc, shoulder
contribution, and power were extracted from the data at 30 seconds(s)
and 120(s).

Results: There was no statistical difference in ages between the
injured (54 ± 16 years) or control (50 ± 10 years) groups (P = .685).
There were no significant differences in supination arc, center of su-
pination arc, and shoulder contribution between the dominant and
non-dominant controls and uninjured arms at 30s & 120s (P > .537).
Dominant arms generated 15% greater power at 30s than non-
dominate arms (P = .006).

The injured compared to uninjured arms decrease their supi-
nation arc by 23% (P = .032) at 30s and 25% (P < .001) at 120s.
The injured compared to uninjured arm shifted its center of supi-
nation arc to a more pronated position by 24° (P = .037) at 30s
and 44° (P < .001) at 120s (Fig. 2). Further, the shoulder contri-
bution to rotation increased in the injured compared to the uninjured
by 11% (P = .001) at 30s and 29% (P < .001) at 60s. The power
decreased in the injured compared the uninjured arm by 38 watts
(P = .003) at 30s and 36 watts (P = .001) at 120s.

Discussion: This is the first study to show that subjects with chronic
distal biceps ruptures modify their forearm and shoulder move-
ments to accomplish a simple task like turning a screw or bolt. They
shorten the supination arc by 25%, shift the center of the supination
arc by 44° into a more pronated position, and used 29% greater
amount shoulder abduction to rotate the handle. We coined this ad-
aptation the “short arc syndrome”. The shift of the center of rotation
to a pronated position in the biceps deficient group is done to maxi-
mize the brachioradialis muscle’s contribution to supination, which

Figure 1 Photograph of ITD with a chronic distal biceps rupture
subject. (Left) Injured side and subject uses shoulder abduction to
aide in handle rotation, (Right) Uninjured side and subject uses mainly
the forearm to rotate the handle.

Figure 2 Graph showing the supination arc (whiskers) and su-
pination arc center (bars).
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is only a supinator in forearm-pronated positions.4 The subjects also
compensate for the loss by increasing the use of the shoulder muscles.
The kinematic adaptation does not fully compensate for the loss, because
their power to supinate was reduced by 32%.

Clinical Relevance: Patients should understand when they elect
non-operative treatment for a distal biceps rupture they will shorten
their forearm arc, increase the contributions of the brachioradialis
and shoulder muscles, and lose 32% of supination power.
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Paper #15 ANALYSIS OF 784 SURGICALLY TREATED
DISTAL BICEPS TENDON RUPTURES
Taylor R. Dunphy, MD, Justin Hudson, MD, Daniel C. Acevedo, MD,
Michael Batech, DrPH, Raffy Mirzayan, MD, Kaiser Permanente,
Baldwin Park, California, USA

Purpose: To examine clinical and surgical outcomes for distal
biceps tendon repairs in a large, multi-specialty, integrated health-
care system in Southern California.

Methods: Retrospective cohort study of distal biceps tendon repairs
performed from January 1, 2008 through December 31, 2015. The
repair methods were classified as: two-incision approach using bone
tunnel-suture fixation, or anterior single incision approach. Anterior
single incisions were further classified according to the fixation method:
cortical button alone, cortical button + interference screw, or suture
anchors alone.

Results: There were 784 patients included in the study. 91.6%
of injuries were complete distal biceps tendon tears and 8.4% were
partial tears. 52% of tears involved the dominant extremity. The mean
patient age was 48 years (range, 20-83 years), with 98.5% being
male. The average time from injury to surgery was 22.9 days, and
there was no statistically significant difference between single inci-
sion and two-incision repairs (23.3 vs. 21.1 days, P: 0.440). An
anterior, single incision technique was used in 639 (81.5%) patients
and a two-incision technique was used in 145 (18.5%). Of the single
incision group, 212 (33.2%) were treated with cortical button alone,
211 (33.0%) were treated with cortical button + interference screw,
and 216 (33.8%) were treated with suture anchors. The most common
nerve complication encountered was a lateral antebrachial cutane-
ous nerve (LABCN) palsy (N = 162) which was significantly higher
in the single incision repairs than the two-incision repairs (24.4% vs.
4.1% respectively, P: < 0.001). When comparing two-incision and
single incision repairs, there was a significantly higher rate of pos-
terior interosseous (PIN) nerve palsy (3.4% vs. 0.8% respectively, P:
0. 010), heterotopic bone formation (7.6% vs 2.7%, respectively. P:
0.004), and re-operations (8.3% vs 2.3%, respectively. P < .001). The
overall rate of tendon re-rupture was 1.9% (single incision: 1.6%, two-
incision: 2.8%, P: 0.327). The overall rate of post-operative wound
infection was 1.5% (single incision: 1.3%, two-incision: 2.8%, P: 0.182).
The average time from surgery to release from medical care was 14.4
weeks (single incision: 14.0 weeks, two-incision: 16.0 weeks, P: 0.286).
Patients treated with cortical button + interference screw were re-
leased significantly sooner than other single incision repair types
(13.1 ± 8.01 weeks for cortical button + interference screw, 14.7 ± 7.23
weeks for cortical button alone, and 14.7 ± 8.52 weeks for suture
anchors, P: 0.011).

Conclusion: In the largest retrospective cohort studies of acute
traumatic distal biceps tendon repairs to date, we found that surgi-
cal repair of distal biceps tendon ruptures has an overall low rate
of serious complications, regardless of approach or technique. The
most common complication was a lateral antebrachial cutaneous nerve
palsy, which resolved fully in all cases. A two-incision repair utiliz-
ing bone tunnel-suture fixation leads to statistically higher rates of
posterior interosseous nerve palsy, heterotopic bone formation, and
re-operation. The anterior, single incision, cortical button + interfer-
ence screw technique had a statistically significantly shorter release
from medical care time.

Paper #16 A PROSPECTIVE COMPARATIVE STUDY OF
ARTHROSCOPIC VS. OPEN LATARJET IN THE TREATMENT OF
ANTERIOR SHOULDER INSTABILITY WITH MARKED GLENOID
BONE LOSS
Yiming Zhu, MD, Chunyan Jiang, MD, Shoulder Service, Beijing
Jishuitan Hospital, School of Medicine, Peking University, Beijing, China

Background: The advantage of arthroscopic Latarjet proce-
dure over open Latarjet is controversial. The purpose of this study is
to investigate the deference between arthroscopic and Latarjet pro-
cedure on clinical and radiographic outcome at postoperative 2 years.

Methods: A prospective, comparative study was performed. From
2010 to 2012, all anterior shoulder instability patients treated with
open Latarjet procedure were included in the open group. And from
2013 to 2014, the subsequent patients treated with modified arthro-
scopic Latarjet procedure were included in the arthroscopic Latarjet
group. Walch’s technique was adopted in all the open Latarjet pro-
cedures. And for arthroscopic Latarjet, we used modified Lafosse’s
technique which retained the anterior capsule for later capsular recon,
and a more medial subscapularis split for better protection of the
subscap’s function. The minimum 2 years clinical follow-up was re-
quired for all the enrolled patients. A complete set of CT scans before
the surgery, immediately after the surgery and 1 year after the surgery
were recorded for the radiological evaluation. The position of the trans-
ferred coracoid was described in two dimensions: medial-lateral on
the axial view and superior-inferior on the en-face view of the glenoid.
The screw orientation was evaluated on the axial CT scan that per-
formed immediately after the surgery in both groups.

The bone resorption of the transferred coracoid was evalu-
ated on the CT scan performed at 1 year after the surgery using
a classification system based on the axial cut on CT scan. Four
grades are described as follow:

Grade 0: The cone of the screw head is buried in the cora-
coid bone graft;

Grade I: Only the screw head is exposed outside the cora-
coid bone graft and the whole screw shaft is inside the bone;

Grade II: Part of the screw shaft is exposed outside the cora-
coid graft and there is still some bone left on the glenoid neck;

Grade III: Both of the screw head and shaft are totally exposed
with all of the coracoid bone graft absorbed and no bone
is left on the glenoid neck.

Results: From 2010 to 2012, 52 anterior shoulder instability
patients treated with open Latarjet procedure were included in the
open group. 44 out of 52 patients were available for more than 2
years clinical follow-up. From 2013 to 2014, 51 patients treated with
modified arthroscopic Latarjet procedure were included in the ar-
throscopic Latarjet group. 46 out of 51 patients were available for
more than 2 years clinical follow-up. 38 patients in the open Latarjet
group and all 46 patients in the arthroscopic group had a complete
set of CT scans before the surgery, immediately after the surgery and
1 year after the surgery. The average follow-up was 37.4 months
for the open group and 26.9 months for the arthroscopic group.

The surgery time for arthroscopic Latarjet group was signifi-
cantly longer than the open group. No recurrence happened in
both groups. The ASES score, Constant score and Rowe score were
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improved significantly after the surgery in the open group while
only the ASES score and the Rowe score were significantly im-
proved after the surgery in the arthroscopic group. No significant
difference was detected between the open group and the arthro-
scopic group regarding the range of motion, ASES score, Constant
score and Rowe at final follow-up. All coracoid graft healed on
the post-op 1-year CT scan. The transferred coracoid was flush with
the glenoid (medial < 5 mm, lateral < 3 mm) in all cases in both
groups. The center of the transferred coracoid was placed below
the equator in all cases in the open group and 42 cases (in 46
cases) in the arthroscopic group. The difference was significant on
the coracoid position on the en-face view of the glenoid. No sig-
nificant difference was found in screw orientation between two
groups. At 1 year after the surgery, the bone resorption of the cora-
coid was classified as degree 0 in 2 patients, degree I in 18 patients,
degree II in 14 patients and degree III in 4 patients in the open
group while in 8 patients, 25 patients, 13 patients and 0 patients
correspondingly in the arthroscopic group. The arthroscopic Latarjet
group was found to have significant less graft resorption com-
pared with the open group.

Conclusions: Both open and arthroscopic Latarjet procedures
are effective for the treatment of anterior shoulder instability with marked
glenoid bone loss. The surgery time of the arthroscopic Latarjet was
significantly longer than the open surgery. The screw orientation in
the arthroscopic group was found to be comparable with the open
group. Perfect positions were achieved in both groups on medial-
lateral direction. The open group had better position on the superior-
inferior direction compared with the arthroscopic Latarjet group. At
1 year postop, the arthroscopic Latarjet group showed significant less
graft resorption compared with the open Latarjet group.

Paper #17 SUTURE BUTTON FIXATION IS AN
ALTERNATIVE TO SCREW FIXATION FOR LATARJET
PROCEDURE
Pascal Boileau, MD, Patrick Gendre, MD,
Thomas d’Ollonne, MD, Olivier Gastaud, MD,
Jean-François Gonzalez, MD, PhD, Brian L. Seeto, MD, iULS (Institut
Universitaire Locomoteur & du Sport)- Hôpital Pasteur 2, University
of Nice Sophia-Antipolis, Nice, France

Background: Most of the complications of the Latarjet proce-
dure are related to the use of screws to fix the coracoid bone block
on the glenoid neck.

Purpose: To evaluate bone block healing and positioning after
fixation of the bone block with suture button fixation.

Materials and Methods: 112 patients (mean age, 27 years)
with anterior glenoid bone loss (>20%) underwent an arthroscopic
Latarjet procedure and a Bankart repair. Bone block fixation was per-
formed with two cortical buttons (one over the coracoid and one over
the posterior neck of the scapula) connected with a looped suture (4
strands). The looped suture was tied posteriorly with a sliding-
locking knot. After transfer of the bone block on the anterior neck
of the scapula, compression was obtained with the help of a tensioner:
100 to 125 Newtons were applied on the suture and knot. Follow-
ing compression, the construct was reinforced with 3 surgeon’s knots.
Patients were followed prospectively: clinical and radiological ex-
aminations were performed at each visit. Bone graft union and position
were assessed by postoperative CT-imaging.

Results: Postoperative CT-scans, performed 6 months after surgery,
demonstrated that the coracoid graft healed in 104 patients (93%).
The coracoid graft was positioned strictly tangential to the glenoid
surface in 95% (106/112) and below the equator in 92%. (103/
112). No neurologic complications and no hardware failure were
observed. At a mean of 19 months (range, 12-32 months), all but
four patients had a stable shoulder.

Conclusions: Suture button fixation is an alternative to screw
fixation, obtaining an excellent rate of bone union (equivalent or even

superior to screw fixation). Neurologic and hardware complica-
tions, classically reported with screw fixation, have not been observed
with this novel fixation method.

Level of Evidence: Level III.
Keywords: shoulder instability; glenoid bone loss; arthro-

scopic Latarjet; double-button.

Paper #19 ± THE CYTOTOXICITY PROFILE OF
VANCOMYCIN HYDROCHLORIDE ON PROLIFERATING
OSTEOBLASTS, FIBROBLASTS, AND MYOBLASTS
James X. Liu, MD, John Buza, MD, Thorsten Kirsch, PhD,
Oran D. Kennedy, PhD, Andrew S. Rokito, MD,
Joseph D. Zuckerman, MD, Mandeep Virk, MD, NYU Hospital for
Joint Diseases, New York, New York, USA

Purpose: The intrawound application of lyophilized vancomy-
cin has been reported to significantly decrease the rates of perioperative
infection in arthroplasty and spine procedures. The local effect of clin-
ically used supra-therapeutic concentration of intra wound vancomycin
on surrounding healing tissue has been a topic of continued inves-
tigation. The purpose of this study was to examine the in vitro
cytotoxicity profile of vancomycin hydrochloride on osteoblasts, fi-
broblast, and myoblasts.

Methods: Human primary osteoblasts (Lonza), fibroblasts (Lonza),
and myoblasts (DV Biologics) were expanded and passaged in sterile
polystyrene tissue culture flasks and plated at a density of 10,000
cells/cm2. Cells were exposed to vancomycin hydrochloride (Sigma-
Aldrich) at concentrations of 1, 3, 6, or 12 mg/cm2. To assess the
effect of vancomycin on cell migration, a scratch assay was per-
formed, in which a “scratch” was made in a cell monolayer following
vancomycin exposure, and images were subsequently captured at
regular intervals until cellular closure of the scratch. Cell survival was
measured 48 hours post-vancomycin exposure using a cell cytotox-
icity assay (Cell Counting Kit-8, Dojindo).

Results: Vancomycin concentrations greater than or equal to
1 mg/cm2 decreased survival of myoblasts and osteoblasts to less than
11% relative to control. Vancomycin greater than or equal to 3 mg/
cm2 decreased fibroblast survival to less than 8% relative to control
(Fig. 1). Vancomycin concentrations of 1 mg/cm2 did not signifi-
cantly affect the survival of fibroblasts. Closure of the scratch defect
was observed in less than 24 hours for all control conditions. In myo-
blasts and osteoblasts, the scratch defect remained open indefinitely
following exposure to vancomycin concentrations greater than or equal
to 1 mg/cm2. Closure of the scratch defect in fibroblasts was ob-
served in less than 36 hours following exposure to vancomycin of
1 mg/cm2, and remained opened indefinitely following exposure to
vancomycin greater than or equal to 3 mg/cm2.

Conclusions: Vancomycin has a significant cytotoxic effect on
proliferating osteoblasts and myoblasts at concentrations greater than

Figure 1 Percent survival of cells 48 hours after continuous ex-
posure to vancomycin HCL relative to control.
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or equal to 1 mg/cm2.Vancomycin has a pronounced cytotoxic effect
on fibroblasts at concentrations greater than or equal to 3 mg/cm2.
Further in vivo studies are warranted to investigate the effect of high
local concentrations of vancomycin on infection, bony fusion, and
wound healing.

Paper #20 ± A RAPID DETECTION METHOD FOR
PROPIONIBACTERIUM ACNES FROM SURGICAL BIOPSIES OF
THE SHOULDER
Scott Holmes, MSc, Ana Pena Diaz, MSc,
George S. Athwal, MD, FRCSC,
Kenneth J. Faber, MD, FRCSC, MEd,
David B. O’Gorman, MSc, PhD, University of Western Ontario,
London, Ontario, Canada

Purpose: Propionibacterium acnes (P. acnes) is a common in-
fecting organism in shoulder arthroplasty. Detection of P. acnes is
challenging and involves an extended anaerobic culture of up to three
weeks that is susceptible to contamination. Our aim was to develop
a polymerase chain reaction (PCR)-restriction fragment length poly-
morphism (RFLP) approach that would be both sensitive and specific
to P. acnes and would enable a 24-hour turnaround between biopsy
and results.

Methods: Comparisons between the 16S ribosomal sequences
of P. acnes and closely related bacteria identified two highly unique
regions in P.acnes to which PCR primers were designed. Addition-
ally to improve the detection method, two unique restriction enzyme
cut sites for HaeIII were identified within this PCR product (amplicon).
To test the PCR-RFLP method, arthroscopic surgical biopsies were me-
chanically homogenized and boiled for 20 minutes to lyse the cellular
membranes. PCR was performed using standard conditions fol-
lowed by a one hour HaeIII enzymatic digest of the PCR product.
Resultant fragments were visualized on polyacrylamide gels stained
with ethidium bromide. All experiments included no-template con-
trols to rule out reagent contamination and independently confirmed
P. acnes DNA as a positive control. Serial dilutions of P. acnes cul-
tures in Robertson’s cooked-meat broth and spectrophotometric analysis
of cellular concentration were used to assess the sensitivity of the PCR
reaction.

Results: A unique 564 base-pair PCR amplicon was derived from
different strains of P. acnes. This amplicon was confirmed as P. acnes
DNA by gel excision and DNA sequencing. HaeIII digests of the
amplicon yielded 3 restriction fragments at the sizes predicted by in
silico analyses. Sensitivity testing confirmed that as few as 10 P. acnes
cells in a 50µl reaction volume could be detected using this assay.
Test validation was performed with surgical biopsies obtained from
patients with known P. acnes infections.

Conclusion: P. acnes infections are difficult to diagnose and ex-
isting diagnostic tests are confounded by contaminants. This unique
assay combines the high sensitivity of PCR with the specificity of RFLP
mapping to specifically identify P. acnes in surgical isolates before
contaminant colonies can grow. We anticipate that this easily repro-
ducible assay will allow surgeons and pathologists to determine if a
biopsy is P. acnes positive within 24-hours of sampling. Additional-
ly, the equipment and instruments required to conduct these tests are
readily available in most pathology departments. Furthermore, this
PCR-RFLP method may decrease the false positive rate of extended
length cultures due to P. acnes contamination.

Paper #21 HEMOLYSIS IS A DIAGNOSTIC ADJUVANT
FOR PROPIONIBACTERIUM ACNES ORTHOPAEDIC
SHOULDER INFECTION
K. Keely Boyle, MDa, Scott Nodzo, MDc, Travis Wright, BAa,
John K. Crane, MD, PhDb, Thomas R. Duquin, MDa, aDepartment
of Orthopaedics, State University of New York at Buffalo, Buffalo,

New York, USA; bDepartment of Microbiology and Immunology, State
University of New York at Buffalo, Buffalo, New York, USA;
cDepartment of Orthopaedics, Hospital for Special Surgery, New York,
New York, USA

Introduction: Prior work has suggested that the hemolytic phe-
notype of Propionibacterium acnes (P. acnes) is related to the
pathogenicity of this bacterium. The purpose of this study was to further
evaluate orthopaedic patients with and without hemolytic strains of
P. acnes. We hypothesized that patients identified with hemolytic strains
of P. acnes would demonstrate a more prominent systemic inflam-
matory response, greater antibiotic resistance, and exhibit a higher
rate of definite clinical infection than non-hemolytic strains of
P. acnes.

Methods: We retrospectively reviewed the records of all pa-
tients who had a positive P. acnes shoulder culture collected by our
microbiology laboratory since September 2010. 31 patients were in-
cluded in this study that had previously undergone shoulder arthroplasty
(n = 19) or non-arthroplasty (n = 13) procedures. Data collection in-
cluded demographics, clinical course, preoperative and operative culture
data, and laboratory data at time of suspected infection. Using a con-
stellation of previously described diagnostic criteria; patients were
categorized as definite infection, probable infection, or probable con-
taminant. Antibiotic susceptibility and hemolysis characteristics were
analyzed. Hemolysis was defined as clearance around the bacterial
colonies ≥ 2 mm when grown on Brucella blood agar plates. P. acnes
antibiotic sensitivities and Minimum Inhibitory Concentration (MIC)
to penicillin G, vancomycin, clindamycin, ciprofloxacin, and cepha-
lothin were identified using E-test strips. Resistance was determined
using the CLSI and EUCAST breakpoints.

Results: There were 16 patients in the hemolytic group (11
males, 5 females) and 15 patients in the non-hemolytic group (7
males, 8 females) (P = .28) with a similar mean follow up (40.0 ± 9.7
months vs. 41.0 ± 10.3 months; respectively, P = .91). Hemolysis
had a 92% specificity and 79% sensitivity, with a PPV of 94% and
NPV of 73% for determining definite and probable infections.
Serum erythrocyte sedimentation rate (ESR) (15.5 mm/hr, IQR 7.5-
44.7 vs. 9.0, IQR 3.5-13.5; P = .05) and C-reactive protein (CRP)
(12.4 mg/L, IQR 4.4-27.4 vs. 3.5 mg/L, IQR 0.7-5.8; P = .04)
were significantly higher in the hemolytic group as compared to the
non-hemolytic group with no significant differences in the white
blood cell count (WBC) between groups. Time from index proce-
dure to initial reoperation procedure was on average 12.4 months
(range 1-69 months) in the hemolytic group and 22.1 months
(range 1-138 months) in the non-hemolytic group (P = .07). Intra-
operative cultures were positive in 78.4% of the hemolytic group,
while 43.3% were positive in the non-hemolytic group (P = .01).
Reoperation for infection was performed in 87.5% (14/16) of the
patients in the hemolytic group and 53% (8/15) in the non-
hemolytic group (P = .03). In the hemolytic group 43% of patients
failed the initial treatment for infection and were revised for persis-
tent infection. There were no failures of initial treatment in the
non-hemolytic group. Clindamycin resistance was found in 31%
(5/15) of the hemolytic strains with one strain also resistant to
vancomycin and ciprofloxacin. No strains were resistant to the
antibiotics tested in the non-hemolytic group.

Discussion: Hemolytic strains of P. acnes demonstrate en-
hanced pathogenicity in their host and hemolysis serves as a marker
for true P. acnes infection. Patients with a hemolytic P. acnes infec-
tion had a significantly higher ESR, CRP, and were more likely to have
a positive intraoperative culture than those with non-hemolytic strains.
Antibiotic resistance was identified in the hemolytic P. acnes isolates
with rates nearly three times higher than what is reported in the
literature.

Significance: Hemolysis can be used as a diagnostic
adjuvant for determining infection versus contamination in P. acnes
positive cultures. The increased antibiotic resistance profiles seen in
hemolytic strains should be carefully considered when choosing
antimicrobial therapy for prophylactic and therapeutic courses of
treatment.
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Paper #22 ARE OUTCOMES OF UNCEMENTED REVERSE
SHOULDER ARTHROPLASTY FOR ACUTE PROXIMAL
HUMERUS FRACTURES EQUIVALENT TO CEMENTED STEMS?
Bradley S. Schoch, MD, William R. Aibinder, MD,
Jordan D. Walters, MD, John W. Sperling, MD, MBA,
Thomas (Quin) Throckmorton, MD,
Joaquin Sanchez-Sotelo, MD, PhD, Thomas R. Duquin, MD, Mayo
Clinic, Rochester, Minnesota, USA

Background: Reverse shoulder arthroplasty has emerged as an
attractive surgical alternative for elderly patients with complex prox-
imal humerus fractures. Traditionally cemented fixation has been favored
when performing shoulder arthroplasty in the fracture setting. However,
there is growing interest in the use of cementless fixation of the humeral
component in shoulder arthroplasty, mostly related to concerns with
complications if stem removal became necessary. The purpose of this
study was to compare the clinical and radiographic outcomes of ce-
mented and uncemented reverse arthroplasty for acute proximal
humerus fractures (PHF).

Methods: Between June 2010 and February 2014, 46 shoul-
ders with an acute PHF were treated with reverse shoulder arthroplasty
by 6 different shoulder/elbow fellowship trained surgeons. Eight pa-
tients died or had dementia and were unable to return for follow-
up. The remaining 38 shoulders were followed for a minimum of 2
years (mean, 37 months, range 24-66 months). There were 30 females
and 8 males with a mean age at the time of fracture of 74 (range,
56-93) years. The mean time from fracture to shoulder arthroplasty
was 7 days (range, 1-30). Stem fixation was based on surgeon’s pref-
erence. Cemented fixation was performed in 19 shoulders and
cementless fixation in the remaining 19 shoulders. Mean follow up
for the cemented stems was longer than the uncemented group (44
vs 28 months, p<0.001). Outcome measures included VAS pain scores,
range of motion, post-operative quickDash, ASES and radio-
graphic parameters.

Results: At most recent follow-up, the mean VAS pain score was
1.9, with no differences between groups (P = .11). There were no
differences in post operative elevation, external rotation or internal
rotation. QuickDASH scores averaged 34.5 in the uncemented group
and 20.4 in the cemented group (P = .43). ASES scores averaged
48.0 for uncemented stems and 76.3 for cemented stems (P = .005).
Satisfaction was significantly higher in cemented group (1.2 vs 1.8,
P = .039). Two shoulders required re-operation for dislocation (treated
one month postoperatively with polyethylene exchange) and
periprosthetic fracture around a well-fixed stem (treated with open
reduction internal fixation). Radiographically, there was no differ-
ence between cemented and cementless stems in terms of tuberosity
healing, component loosening or notching (P < .05).

Conclusion: Reverse shoulder arthroplasty provides satisfacto-
ry pain relief for proximal humerus fractures, regardless of humeral
fixation type. In this cohort of patients, cementless fixation of the humeral
component was associated with worse patient reported outcomes, al-
though no correlation could be established with pain scores, motion
or tuberosity healing. Further studies are required before cementless
fixation can be recommended for patients undergoing reverse shoul-
der arthroplasty for proximal humerus fractures.

Paper #23 EARLY VS. LATE REVERSE SHOULDER
ARTHROPLASTY FOR PROXIMAL HUMERUS FRACTURES:
DOES IT MATTER?
Adam J. Seidl, MD, Daniel Sholder, BS, William Warrender, MD,
Michael G. Livesey, BS, Gerald R. Williams, Jr., MD,
Joseph A. Abboud, MD, Surena Namdari, MD, MSc, The Rothman
Institute at Thomas Jefferson University, Philadelphia, Pennsylvania,
USA

Background: There is recent support in the literature for the
use of reverse shoulder arthroplasty (RSA) for treatment of dis-
placed proximal humerus fractures in elderly patients. Despite the
recent enthusiasm for RSA in the treatment of proximal humerus
fractures, there is currently no study comparing outcomes when this
operation is performed early for acute fracture or late for failed
alternative treatment (non-operative, open reduction internal fixa-
tion (ORIF), hemiarthroplasty). The purpose of this study is to
compare the outcomes between patients who underwent early RSA
for proximal humerus fracture to those patients who underwent an
alternative initial treatment for their fracture and subsequently
required RSA.

Methods: Patients that underwent RSA at our institution for the
following diagnoses were identified: proximal humerus fracture, se-
quelae of proximal humerus fracture (malunion/nonunion), failed
hemiarthroplasty performed for proximal humerus fracture, and failed
proximal humerus ORIF. A minimum 2-year follow-up was required
or inclusion in this study. Patients were placed into groups based on
the timing of RSA. The “early RSA” group was identified as having
undergone RSA within 4 weeks of fracture. The “late RSA” group was
subdivided by treatment prior to RSA (non-operative, hemiarthroplasty,
ORIF). Retrospective chart review as well as prospective patient com-
munication was performed to gather outcomes data including: range
of motion and subjective, patient-perceived outcomes measures (ASES,
SANE, SST), and complications. Postoperative radiographs were re-
viewed to assess tuberosity healing, baseplate position, and presence
of scapular notching. Statistical analysis was performed using a
Dunnett’s test to compare variables between the early and late RSA
groups. Spearman’s rho analysis was performed to evaluate a pos-
sible correlation between time from injury to RSA and the
aforementioned outcomes measures.

Results: Forty-seven patients met inclusion criteria with 15 in
the early RSA group and 32 in the late RSA group (non-operative
(15), hemiarthroplasty (10), ORIF (7)). The early RSA group dem-
onstrated better external rotation (29° vs 13°, P = .002) regardless
of initial treatment and better forward elevation (130 vs 107, P = .047)
than those initially treated with hemiarthroplasty. The early RSA group
showed a trend towards better SANE scores (80.9 vs 69, P = .070).
Tuberosity healing rate was higher in the early RSA group (100% vs
40%, P < .001).). When time was measured as a continuous vari-
able, no significant correlation was found between time from injury
to RSA and outcomes in either group.

Conclusion: While both early and late RSA for the treatment
of proximal humerus fractures can yield successful clinical out-
comes, early RSA results in improved external rotation motion and
decreased rate of complications and scapular notching. The im-
proved external rotation is likely related to the ease of reducing and
repairing the greater tuberosity when RSA is performed in the acute
setting. Additionally, late conversion of hemiarthroplasty to RSA may
not result in the overhead elevation that is typically expected after
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early RSA for fracture. This study can be used to help counsel pa-
tients when discussing treatment options and expectations for acute
proximal humerus fractures and for proximal humerus fracture
that have failed alternative operative or nonoperative treatment
(Table 1).

Paper #24 ROLE OF THE LATERAL COLLATERAL
LIGAMENT IN POSTEROMEDIAL ROTATORY INSTABILITY OF
THE ELBOW
Enrico Bellato, MD, Youngbok Kim, MD,
Lawrence J. Berglund, BS, Alexander W. Hooke, MA,
James S. Fitzsimmons, BSc,
Shawn W. O’Driscoll, PhD, MD, Department of Orthopedics,
Biomechanics Laboratory, Mayo Clinic Rochester, Minnesota, USA

Introduction: Posteromedial rotatory instability (PMRI) is typi-
cally associated with anteromedial coronoid fractures. It is characterized
by subluxation causing joint incongruity under varus load and high
risk of early onset arthritis. The aim of this study was to test the hy-
potheses that, first, the lateral collateral ligament (LCL) tear is responsible
for the elbow subluxation in PMRI; second, that an elbow affected
by an anteromedial subtype 2 coronoid fracture and a pMCL tear
exhibits articular contact pressures (CP) that are significantly differ-
ent from both an intact elbow and an elbow affected by PMRI.

Materials and Methods: Six cadaveric elbows were tested
under gravity varus stress at 90° of humeral internal rotation using
a custom-made machine designed to simulate biceps, brachialis and
triceps muscle loads. The elbow was passively flexed. The CP data
were collected and processed using the Tekscan sensor and soft-
ware. The tests were performed in a 3-step fashion. In the first, the
intact specimen (INTACT-elbow) was tested. In the second step, the
specimen was tested after performing an anteromedial subtype 2 coro-
noid fracture and a tear of the posterior bundle of the medial collateral
ligament (COR + PMCL-elbow), and finally, it was tested after the ad-
dition of an LCL tear to simulate a PMRI injury (PMRI-elbow). The highest
values of mean CP in the 0° to 90° arc of flexion were used for the
comparison between the 3 steps.

Results: The specimens showed a progressive decrease of coro-
noid surface contact, and a progressive increase in CP proportional
to the progression of the testing steps (Fig. 1). The LCL tear caused
the PMRI-elbow to subluxate while the COR-PMCL-elbow was never
characterized by subluxation.

The highest mean intraarticular contact pressure was 460 ± 50
KPa in the INTACT-elbow, 620 ± 33 KPa in the COR + PMCL-
elbow, and 980 ± 43 KPa in the PMRI-elbow. The contact pressure
in the COR + PMCL-elbow was significantly higher than in the
INTACT-elbow (P < .03) and significantly lower than in the PMRI-
elbow (P < .001).

Conclusions: The LCL lesion in PMRI is necessary for the elbow
to subluxate. Even without subluxation (i.e. without an LCL tear) the
elbow affected by anteromedial subtype 2 coronoid fracture and PMCL
tear showed significantly higher contact pressure than the INTACT-
elbow. The subluxation subsequent to the LCL tear caused a further
significant increase in contact pressure. Further studies are needed
to investigate the role of the pMCL and of other subtypes and sizes
of fractures in PMRI.

Table 1 Outcomes of Early RSA for proximal humerus fracture versus RSA after failed alternative treatment (Non-operative,
Hemiarthroplasty, ORIF)

FE ER ASES SANE SST Tuberosity Healed

Late RSA
Initial Tx

Early RSA (15) 129
(95-160)

29
(10-45)

77.0
(36.7-93.3)

80.9
(50-100)

7.3
(2-11)

15 (100%)

Non-operative (15) 127
(90-160)

17
(−10-40)

72.7
(46.7-98.3)

72.3
(25-100)

7.1
(3-10)

3 (30%)

Hemiarthroplasty (10) *107
(70-140)

*13
(0-35)

69.2
(50-90)

68.0
(20-85)

7
(3-11)

6 (40%)

ORIF(7) 114
(80-160)

*8
(−10-20)

76.4
(41.7-96.7)

63.7
(25-100)

7.7
(4-11)

4 (57%)

Asterisk (*) indicates significantly different outcome compared to Early RSA.

Figure 1 Pressure maps of the coronoid surface at the flexion
angle at the highest mean value CP was recorded.The colored scale
displays pressure values [KPa]. The INTACT-elbow was character-
ized by wider surface of contact and lower pressure values. The
COR + PMCL-elbow showed lower surface of contact and higher
pressure. The PMRI-elbow was characterized by the highest pres-
sure values and by the involvement of the coronoid fracture’s edge.
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Paper #25 SIMPLE DECOMPRESSION VS. ANTERIOR
TRANSPOSITION OF THE ULNAR NERVE FOR DISTAL
HUMERUS FRACTURES TREATED WITH PLATE FIXATION:
A MULTI CENTRE RANDOMIZED CONTROLLED TRIAL
Emil H. Schemitsch, MD, Michael D. McKee, MD,
Niloofar Dehghan, MD, Jeremy Hall, MD, FRCS (Ortho), MEd,
Robert G. McCormack, MD, Steven R. Papp, MD, Brad Petrisor, MD,
Diane Nam, MD, Elliott Pally, MD,
J. Andrew I. Trenholm, MD, FRCSC, Ted Tufescu, FRCSC, MD,
Milena Vicente, RN, Aaron Nauth, MD, St. Michael’s Hospital,
Toronto, Ontario, Canada

Purpose: Isolation, decompression and protection of the ulnar
nerve is required for the fixation of distal humerus fractures per-
formed through a posterior approach. While this fact is widely agreed
upon, the management of the ulnar nerve at the conclusion of the
surgical procedure is a matter of controversy, focused upon either
leaving the nerve in situ versus anterior transposition. There have been
advocates of both strategies in the literature, but high level evidence
comparing the two strategies is lacking. Given the high incidence of
ulnar nerve dysfunction following the surgical management of distal
humerus fractures, and the substantial impact of ulnar nerve symp-
toms on patient outcomes, this important issue warrants further research.
This study sought to address this controversy by comparing simple
decompression to anterior transposition of the ulnar nerve following
plate fixation of fractures of the distal humerus. The hypothesis was
that there would be no difference in ulnar nerve function at one year
post-surgery between the two groups.

Methods: This multicentre randomized controlled trial was per-
formed across eight trauma centres in North America. All patients
underwent dual plate fixation for an acute, displaced fracture of the
distal humerus, and were randomized to receive either 1) simple de-
compression or 2) anterior subcutaneous transposition of the ulnar
nerve at the conclusion of the procedure. Inclusion criteria included:
patients16 to 80 years of age; displaced distal humerus fractures (OTA
13A or 13C) ≤ 28 days post injury; closed fractures or grade I/II
open fractures, and provision of informed consent. Comprehensive
neurological, functional, sensory, motor, and electrophysiological
outcome assessments were conducted. The primary outcome was the
Ulnar Nerve Entrapment Score classification system of Gabel and
Amadio. Secondary outcomes included a functional outcome score
(MEPS); grip and pinch strength; hand function test of Jebsen; and
nerve conduction testing. Patients were followed at 6 weeks, 3 months,
6 months, 1 year and 2 years post-operatively. Complications were
also assessed at each visit.

Results: Sixty-one patients were recruited: 30 were random-
ized to decompression, 28 were randomized to anterior transposition,
and 3 patients withdrew from the study. The mean age was 52 years,
and 60% were female. There was no difference between the two groups
with regards to age, sex, BMI, smoking, diabetes, injury character-
istics, time to OR, length of OR, or surgical approach. When comparing
simple decompression and anterior transposition of the ulnar nerve,
there was no difference in outcome between the two groups at any
time point with regards to Ulnar Nerve Entrapment Score, MEPS scores,
VAS, or two point discrimination. Overall, Ulnar Nerve Entrapment
Scores improved in both groups from 6.0 at baseline to 7.8 at one
year post-operatively (P = .005). Patients also had significant im-
provement in MEPS scores at each visit: 19 at baseline, 68 at six
weeks, 77 at three months, 83 at six months, and 88 at one year
post-operatively (Fig. 1, P < .05). Overall, two point discrimination
in the ulnar nerve distribution improved from 7.2 mm at six weeks
to 5.0 mm at one year post-operatively (P = .003). There was minimal
change in the visual analog scale (VAS) at any time point. Compli-
cations included 4 superficial wound infections, 2 deep infections, 4
nonunions, and 11 revision surgeries, and were equally distributed
between the two groups.

Conclusion: This randomized trial demonstrated that the ma-
jority of patients with plate fixation of a distal humerus fracture develop
symptoms of ulnar nerve irritation post-injury, however the majority
of patients demonstrated improvement by 1 year post-surgery.

Functional outcomes also improved significantly in the first year post
surgical treatment. There was no difference with regards to ulnar nerve
symptoms, functional outcomes or complications for patients treated
with either simple decompression or anterior transposition of the ulnar
nerve. This study was unable to demonstrate any significant differ-
ence in outcome between these two treatments of the ulnar nerve when
performed following dual plate fixation of a distal humerus frac-
ture. Either strategy for managing the ulnar nerve is acceptable and
can be used at the discretion of the treating surgeon.

Paper #26 THE EFFECT OF ASSOCIATED FRACTURES/
DISLOCATIONS ON OUTCOMES OF UNRECONSTRUCTABLE
RADIAL HEAD FRACTURES MANAGED WITH RADIAL HEAD
ARTHROPLASTY: A COHORT COMPARISON
Jason Strelzow, MD, FRCSCa,b, Joy MacDermid, PT, PhDb,c,
Kenneth J. Faber, MD, FRCSC, MEda,b,
Darren S. Drosdowech, MD, FRCSCa,b, Ruby Grewal, MD, FRCSCa,b,
George S. Athwal, MD, FRCSCa,b,
Graham J.W. King, MD, FRCSCa,b, aThe University of Western
Ontario, London, Ontario, Canada; bRoth|McFarlane Hand and Upper
Limb Center, London, Ontario, Canada; cDepartment of Health and
Rehabilitation (Physical Therapy), The University of Western Ontario,
London, Ontario, Canada

Background: Radial head fractures are common injuries with
controversy regarding the most appropriate treatment algorithm. Vari-
able outcomes have been documented for metallic radial head
replacement, which may be related to differences in injury pattern
or implant design. To date, no reported study has evaluated the out-
comes of radial head replacement based on injury severity. Our study
compared the subjective and objective outcomes of patients treated
with a radial head arthroplasty based on injury pattern at a minimum
of 2 years of follow-up.

Methods: Patients were prospectively enrolled within our insti-
tutional radial head database following radial head arthroplasty for
an unreconstructable fracture. Those included were between the ages
of 18 and 85 years old, had isolated elbow trauma and no prior
injury to the elbow. Five fellowship trained upper extremity sur-
geons at a dedicated upper extremity facility performed the surgeries.
A modular uncemented smooth stem prosthesis was utilized in each
case. Injury patterns were grouped into two types: simple and complex.

Figure 1 Results of mayo elbow performace scores for pa-
tients treated with ulnar nerve deompression vs ular nerve
transposition.
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Simple injury patterns were classified as an isolated radial head frac-
ture without dislocation. Complex patterns had additional fractures
(Terrible Triads, Monteggia variants, capitellar or epicondylar frac-
tures) and/or an associated elbow dislocation. Patient outcomes were
followed prospectively including: QuickDASH, PREE, SF-36, ROM and
strength measurements. Follow-up was performed at 3, 6, 12 months
and yearly thereafter. A subgroup of 43 patients (24 simple and 19
complex injuries) had follow-up greater than 4 years and were com-
pared across short term (6 months), medium (1 – 2 years) and longer
term (>4yrs) follow-up for further analysis.

Results: Patients (n = 148) were subgrouped into 67 simple and
81 associated fracture/dislocation injury patterns. Patient demo-
graphics between groups were similar (P > .05). At a minimum 1 year
follow-up (mean 1.7 years) patients clinical outcome scores were similar
including; PREE (simple 18 ± 19, complex 19 ± 20, P = .8) and
QuickDASH (simple 16 ± 16, complex 19 ± 19, P = .34). Patient ROM
and strength values were also not statistically different (P = .3 and
P = .15). Patients evaluated out to a mean of 7 years (range, 5-15
years) demonstrated no effect of injury pattern on clinical outcomes
at any time point (P > .05). Using a two-way mixed ANOVA repeated

measures analysis we found continued statistical improvements in PREE
(P < .05), supination ROM (P = .003), and flexion ROM (P < .05) pa-
rameters at medium term compared to earlier follow up. Eight patients
required secondary surgery, 2 in the simple injury group and 6 complex
injury patients, which did not reach significance (P = .095). Re-
operation included: four surgeries for post-operative stiffness, one staged
revision for infection, one for an oversized component, one for ulnar
impaction and one for removal of hardware.

Discussion: Our data suggests that concomitant elbow frac-
tures or dislocations do not affect the longer term outcomes of patients
with unreconstructable radial head fractures requiring radial head
arthroplasty. There was a trend for a greater need for secondary
surgery in the patients with concomitant injuries, primarily for resid-
ual stiffness. Patient outcomes continue to improve clinically beyond
two years of follow-up, which may be a true improvement or an
adaption to their minor disability. The strengths of this study are the
prospective follow-up of this cohort and validated clinical outcome
measurements. The weaknesses are a limited number of patients with
follow-up greater than 4 years and the selection bias based on the
referral patterns of a specialist upper extremity center.
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