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Background: A proposed etiology of anterior shoulder pain and limited internal rotation after reverse
shoulder arthroplasty (RSA) is impingement of the humeral component on the coracoid or conjoint
tendon. The primary goal of this study was to investigate radiographic surrogates for potential coracoid
or conjoint tendon impingement and their relationship to postoperative pain and internal rotation after
RSA.
Methods: A retrospective review of a clinical registry was performed to identify patients with (1) pri-
mary RSA, (2) minimum 2-year clinical follow-up, and (3) satisfactory postoperative axillary lateral ra-
diographs. The primary radiographic measurement of interest was the subcoracoid distance (SCD),
defined as the distance between the posterior aspect of the coracoid and the anterior glenosphere.
Additional measurements were as follows: anterior glenosphere overhang, posterior glenosphere over-
hang, native glenoid width, lateralization of glenosphere relative to the coracoid tip, lateralization
shoulder angle, and distalization shoulder angle. The primary clinical outcome of interest was the 2-year
postoperative Visual Analog Scale score. Secondary outcomes were (1) internal rotation (IR) defined by
spinal level (IRspine), (2) IR at 90 degrees of abduction, (3) American Shoulder and Elbow Surgeons score,
(4) forward flexion, and (5) external rotation at 0 degrees of abduction. Linear regression analyses were
used to evaluate the relationship of the various radiographic measures on the clinical outcomes of
interest.
Results: Two hundred seventeen patients were included. There was a statistically significant relation-
ship between the SCD and Visual Analog Scale scores: B ¼ �0.497, P ¼ .047. There was a statistically
significant relationship between the SCD and IRspine: B ¼ �1.667, P < .001. Metallic lateralization was
also positively associated with improving IRspine; increasing body mass index was negatively associated.
There was a statistically significant relationship between the SCD and IR at 90 degrees of abduction:
B ¼ 5.844, P ¼ .034.
Conclusion: For RSA with a 135� neck shaft angle and lateralized glenoid, the postoperative SCD has a
significant association with pain and IR. Decreasing SCD was associated with increased pain and
decreased IR, indicating that coracoid or conjoint tendon impingement may be an important and
potentially under-recognized etiology of pain and decreased IR following RSA. Further investigations
aimed toward identifying a critical SCD to improve pain and IR may allow surgeons to preoperatively
plan component position to improve clinical outcomes after RSA.
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Reverse shoulder arthroplasty (RSA) is accepted as a predicable
surgery to decrease pain and improve function for a variety of in-
dications. Implant survival rates have been quoted from 81%-93% at
10 years in recent data with the evolution of indications, implant
design, and techniques.4,8,10 Despite the fact that the complication
rate has been downtrending, it remains significant at 16.1%. The
most common complication after RSA is reported to be instability
followed by periprosthetic fracture, infection, and component
loosening.5 In long-term follow-up studies, the majority (82%) of
patients were very satisfied or satisfied with their outcome, and
94% of patients would choose to have the procedure again.20

Postoperative pain is not captured by published complication
literature but may adversely affect overall satisfaction rates. There
remains a subset of dissatisfied patients with persistent shoulder
pain or limited motion after RSA.

Multiple studies have elaborated on potential etiologies of pain
specific to RSA, which include instability, scapular notching, acro-
mial/scapular spine fractures, and anterior shoulder pain/sub-
coracoid pain.7,9,11 Anterior shoulder pain after RSA is not well
defined. It has been postulated to be secondary to coracoid frac-
ture,2 subcoracoid adhesions in the setting of multiple surgeries
causing stiffness, excessive distalization of the humerus leading to
tendinitis of the biceps brachii and coracobrachialis tendon,24 and
subcoracoid impingement due to the abutment of the humeral
prosthesis.

In the native shoulder, subcoracoid impingement is a recognized
diagnosis. Stenosis of the coracohumeral interval between the
lesser tuberosity of the humerus and coracoid process < 6 mm can
be associated with anterior shoulder pain, rotator cuff pathology,
and biceps pathology. It can be secondary to bony or soft tissue
morphology. Treatment is largely nonoperative, but can include
arthroscopic subcoracoid decompression (coracoplasty) for pa-
tients who have failed conservative measures.17

After RSA, there is potential for a similar mechanism where the
humeral component impinges on the coracoid or conjoint tendon
anteriorly during adduction or internal rotation (IR). There are
limited clinical data supporting this potential etiology of post-
operative pain or limited IR. The primary goal of this study there-
fore was to investigate postoperative radiographic measurements
for coracoid impingement and their relationship to postoperative
pain and IR deficit after RSA. We hypothesized that postoperative
radiographic measures of decreasing distance between the cora-
coid and glenosphere would correlate with increased levels of
postoperative pain and limited IR after RSA.
Materials and methods

Database and study patients

A retrospective review of a multicenter clinical registry of RSAs
was performed to identify patients with (1) primary RSA, (2)
minimum 2-year clinical follow-up, and (3) appropriate post-
operative axillary and anteroposterior radiographs. Institutional
review board approval was obtained. Demographic variables were
collected for each patient, including age, sex, body mass index
(BMI), and whether surgery was performed on the dominant arm.
Surgical variables were also recorded, including glenosphere
diameter and metallic lateralization, defined as combined glenoid
baseplate and glenosphere lateralization.
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Surgical technique

Eleven surgeons contributed to the clinical registry with mini-
mal variation in their surgical techniques. Each preformed a stan-
dard deltopectoral approach for exposure. The biceps tendon was
either tenodesed or tenotomized. The 3 sisters were electro-
cauterized. The subscapularis was managed per surgeon prefer-
ence: peel (N ¼ 178, 82%), tenotomy (N ¼ 4, 2%), or lesser tubeosity
osteotomy (N ¼ 35, 16%). A 135� humeral head cut allowed for en
face glenoid exposure. The glenoid was prepared using a sequential
reaming technique as per themanufacturer’s recommendation. The
baseplate was implanted (Universal Baseplate or Modular Glenoid
System; Arthrex, Inc., Naples, FL, USA) and secured with appro-
priate central fixation. No augmented baseplates were included.
Decisions of baseplate lateralization, as well as glenosphere diam-
eter, and glenosphere lateralizationwere patient-specific and based
on coverage, bone quality, age, sex, preoperative planning, and
intraoperative soft-tissue tension. A 135� neck shaft angle (NSA),
inlay, stemmed, humeral component (Univers Revers or Revers
Apex System; Arthrex Inc., Naples, FL, USA) was then press-fit
before subsequently trialing of the polyethylene humeral liners
and metallic humeral spacers as needed. Sizing was again patient-
specific, based on range of motion (ROM) and intraoperative sta-
bility. During closure, the subscapularis was repaired based on
surgeon preference, tendonmobility, and tissue quality (repaired in
173 of 217 cases, 80%).

Postoperative rehabilitation

Postoperatively, patients followed similar rehabilitation pro-
tocols, although there was some variability between sites. In gen-
eral, immediately postoperatively until 6 weeks, patients wore a
sling at all times except to complete their home exercise program
and physical therapy. ROM was limited to pendulums, passive su-
pine forward rotation, and passive supine external rotation until 2
weeks. From 2 weeks to 6 weeks, passive ROM was advanced as
tolerated in the forward flexion (FF), abduction, and external
rotation planes, while internal rotation was still restricted. From 6
weeks to 12 weeks, internal rotation and cross body motion was
incorporated as passive ROM transitioned from supine to vertical
positioning and active ROM was started. After 12 weeks, gradual
strengthening and restoration to normal activities was expected.

Radiographic evaluation

All radiographs were obtained according to a strict protocol
which is frequently queried for quality control to assure appro-
priate views are being obtained. The primary radiographic mea-
surement of interest was the subcoracoid distance (SCD), defined as
the distance between the posterior aspect of the coracoid and the
anterior glenosphere on the axillary radiograph (Fig.1A). The center
of rotation to the posterior edge of the coracoid and the center of
rotation to the edge of the sphere were also measured (Fig. 1B and
C). Anterior glenosphere overhang and posterior glenosphere
overhang were measured on the axillary radiographs as the dis-
tance from themost anterior or posterior edge of the native glenoid
to the furthest extent of the glenosphere (Fig. 2A). Native glenoid
width was measured from the furthest cortical extent (Fig. 2B).
Metallic lateralization was measured in relation to the coracoid tip
by the distance between parallel lines to the native glenoid placed
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Figure 1 Subcoracoid space (SCS), center of rotation to the tip of the coracoid (COR-C), and the center of rotation to the edge of the sphere (COR-S). (A) The purple sphere outlines
the glenosphere. The subcoracoid space (SCS; green) is defined as the distance (mm) between the posterior aspect of the coracoid and the anterior glenosphere on the axillary
radiograph. (B) The center of rotation to the tip of the coracoid (COR-C; blue) is defined by the distance (mm) from the center of the rotation to the posterior aspect of the coracoid
on the axillary radiograph. (C) The center of rotation to the edge of the sphere (COR-S; pink) is defined as the distance (mm) from the center of rotation to the boundary of the
glenosphere, or the radius of the glenosphere (purple).
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at the edge of the glenosphere and coracoid tip (Fig. 2C). If the
glenosphere extended lateral to the coracoid tip, it was recorded as
a positive number. If medial to the coracoid tip, this was recorded as
a negative number. The glenosphere diameter was measured on
each axillary radiograph and, along with the known implanted
glenosphere diameter, used to normalize all measurement in mil-
limeters and control for magnification differences. For patients
with multiple sets of postoperative radiographs, the best axillary
radiograph was used at the closest time point to surgery to avoid
reactive bone changes.

Given their previously established clinical relevance, the later-
alization shoulder angle (LSA) and distalization shoulder angle
were also measured on anteroposterior radiographs (Fig. 3).6 All
radiographic measurements were completed by 4 surgeons (E.L.K.,
A.J.T., T.R.L., and B.C.W.). As these were angular measurements, no
normalization for magnification was required.

Clinical outcomes

The primary outcome of interest was the 2-year postoperative
Visual Analog Scale (VAS) score. Secondary outcomes were (1) IR
defined by spinal level (IRspine), (2) IR at 90 degrees of abduction
(IR90), (3) 2-year American Shoulder and Elbow Surgeons (ASES)
score, (4) FF, and (5) external rotation at 0 degrees of abduction
(ER0).

Statistical analyses

A reliability analysis was performed on 20 cases prior to pro-
ceeding with the complete study. All proposed radiographic mea-
surements had a high degree of interobserver reliability between
the 4 surgeons (alpha ¼ 0.790-0.940). Linear regression analyses
were used to evaluate the relationship of the various radiographic
measures on the clinical outcomes of interest. For each 2-year
clinical outcome including ROM, the preoperative baseline of that
measure was included in the regression to control for variability at
presentation. For all analyses, P < .05 was considered statistically
significant.

Results

Two hundred and seventeen patients met appropriate criteria
and were included in the study. The mean age at time of surgery
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was 69.7 ± 8.4 years with 59.9% male patients and involvement of
the dominant arm in 61.3% of patients. The mean BMI of our pa-
tient cohort was 29.8 ± 5.5 kg/m2. A 33-mm, 36-mm, 39-mm, or
42-mm diameter glenosphere were used 11%, 39%, 31%, and 19% of
the cases, respectively. Glenoid lateralization was 0 mm, 2 mm, 4
mm, 6 mm, or 8 mm in 8%, 3%, 44%, 24%, and 21% of the cases,
respectively.

VAS

There was a statistically significant relationship between the
SCD and VAS scores: B¼�0.497, P¼ .047, indicating that for every 1
mm increase in the SCD, the 2-year VAS decreased by 0.5 points. No
other demographic, surgical, or radiographic measures were
significantly associated with the postoperative VAS.

IRspine

There was a statistically significant relationship between the
SCD and IRspine: B ¼ �1.667, P < .001, indicating that for every 1
mm increase in the SCD, there were 1.5 levels of improvement in
IRspine. Metallic lateralization was also positively associated with
improving IRspine (B ¼ �0.193, P ¼ .012). Increasing BMI was
negatively associated with improving IRspine (B ¼ 0.082,
P ¼ .040).

IR90

There was a statistically significant relationship between the
SCD and IR90: B ¼ 5.844, P ¼ .034, indicating that for every 1 mm
increase in the SCD, there was nearly 6� of improvement in IR90.
Metallic glenoid lateralization was also positively associated with
improving IR90 (B ¼ 1.410, P ¼ .042). No other demographic, sur-
gical, or radiographic measures were significantly associated with
IR90.

Other

Therewas no association between the SCDwith the 2-year ASES,
FF, or ER0. Of the remaining radiographic measurements, the LSA
was associated with 2-year ASES scores (B ¼ �0.356, P ¼ .10).
Anterior overhang was associated with ER0 (B ¼ 17.35, P ¼ .029).
There were no other significant associations found.



Figure 2 Glenosphere overhand, native glenoid width, and glenoid lateralization. (A) Anterior glenosphere overhang (orange) and posterior glenosphere overhang (blue) were
measured on the axillary radiographs as the distance from the most anterior or posterior edge of the native glenoid to the furthest extent of the glenosphere (purple). (B) Native
glenoid width (dark green) was measured from the furthest cortical extent but not to include any reactive bone. (C) Glenoid lateralization (yellow) was measured in relation to the
coracoid tip by the distance between parallel lines to the native glenoid (dark green) placed at the edge of the glenosphere (red) and coracoid tip (red).

Figure 3 Lateralization shoulder angle (LSA) and distalization shoulder angle (DSA). (A) The lateralization shoulder angle (LSA; lavender) is formed by a line connecting the superior
glenoid tubercle and the most lateral border of the acromion and a line connecting the most lateral border of the acromion and the most lateral border of the greater tuberosity. (B)
The distalization shoulder angle (DSA; teal) is formed by a line connecting the most lateral border of the acromion and the superior glenoid tubercle and a line connecting the
superior glenoid tubercle and the most superior border of the greater tuberosity.
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Discussion

The postoperative SCD, measured as the distance between the
posterior coracoid and anterior glenosphere, has a significant as-
sociation with pain and active internal rotation after RSA. For every
1 mm increase in the SCD, the 2-year VAS decreased by 0.5 points,
the IRspine improved by 1.5 levels, and there was nearly 6� of
improvement in IR90. This demonstrates the potential for
decreased pain and increased IR with an increasing SCD. These
findings support that coracoid or conjoint tendon impingement
may be a significant and under-reported etiology of pain and
decreased IR following RSA.

Despite generally high levels of pain reduction following RSA,
persistent postoperative pain remains a concern for pa-
tients.4,7,14,20 As many as 33% to 45% of patients failed to achieve a
patient acceptable symptom state (PASS) after RSA in a multi-
center study retrospective review. Pain, rather than ROM, was the
predominant driver of this failure with reported mean VAS scores
in patients not achieving PASS as high as 3.1 depending on the
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anchor for determining PASS.26 Patients undergoing RSA neces-
sitate an improvement of 1.4 points in the VAS score to reflect a
minimal clinically important difference.23 There are a variety of
causes of persistent pain after RSA. Some are less predictable or
modifiable such as infection, neurologic syndromes, polyethylene
wear, aseptic loosening, or metal allergies.7 Other pain factors can
be addressed at the time of surgery such as instability and scap-
ular notching. While pain after RSA is likely multifactorial in eti-
ology and is unlikely completely ameliorated with implant
positioning adjustments, planning for an increased SCD could
allow for diminished postoperative pain from coracoid or conjoint
tendon impingement and is worthy of further study.

The cause of anterior shoulder pain, or subcoracoid pain itself,
can be difficult to determine; it has been postulated to be secondary
to adhesions, impingement, tendonitis, or coracoid fracture.7

Persistent anterior shoulder pain secondary to adhesions or
impingement has been reported by Ardebol et al.3 A stepwise
coracoplasty with removal of any posterior projection of the cora-
coid, d�ebridement of the lesser tuberosity, vs. metallosis indicative
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of component abutment was described for treatment of anterior
shoulder pain. Conjoint tendinitis as a cause of anterior shoulder
pain after RSA has been described by Tashjian et al. They proposed
the tensioning of the biceps brachii and coracobrachialis tendons in
conjunction with the functional deltoid tensioning necessitated by
a RSA or excessive distalization of humerus as a plausible etiology.
In their study, 11 patients were followed after an open, isolated
conjoint tendon release. Fifty-five percent of patients had complete
resolution of symptoms and 82% had VAS score improvement
greater than the minimal clinically important difference.24 Simi-
larly, Gomez et al reported an open z-lengthening of the conjoint
tendon for anterior shoulder pain after RSA for 7 patients with
complete symptom resolution by 3 months.12 They have continued
to perform this lengthening prospectively at time of RSA implan-
tation for taut conjoint tendons.28

Coracoid fracture as a cause of anterior shoulder pain after RSA
has been described in 4 cases in the literature.2,18,22 These authors
postulate tensioning of the conjoint tendon in small stature pa-
tients with poor bone quality vs. mechanical abutment as fracture
etiology. These fractures were managed nonoperatively in a sling
from 3-6 weeks with resolution of symptoms. Each of these studies
aligns with the present study’s findings of increasing anterior
shoulder pain after RSA attributed to impingement on the coracoid
or conjoint tendon, or conjoint tendonitis. However, prior studies
have not been able to provide a radiographic parameter to allow
widespread assessment of the issue.

Functional IR after RSA remains a less predictable post-
operative outcome. Additionally, many of the current outcome
measures have floor effects such that they do not capture the loss
of function experienced by patients despite their difficulty with
IR.16,21 Aleem et al have developed a functional IR scale to assess
patient’s ability to perform tasks dependent on IR, for example,
toileting, bathing, tucking in a shirt, putting an arm into a jacket,
or looping a belt through pants, as these are tasks that are
important and not currently regularly assessed.1 Lower humeral
NSAs, lateralization of the glenoid, decreasing humeral retrover-
sion, and increasing glenosphere diameter are associated with
increased IR.13 Even with these clinical associations, radiographic
correlates have been limited. Kim et al found increased peg-
glenoid rim distance was associated with increased IR for pa-
tients with rotator cuff arthropathy.15 Similarly, the SCD repre-
sents a novel radiographic parameter that has a significant
association with 1.5 level improvements of IRspine and nearly 6�

of improvement of IR90 for every 1 mm increase. This parameter
may have future value in 3-dimensional preoperative planning to
allow optimization of impingement-free ROM. Further study
would be needed to qualify how impactful this could be for
functional improvements in IR tasks. The present study implies
that in the primary setting it may be a consideration to use a
smaller glenosphere when in between sizes and maximize later-
alization to improve internal rotation and to decrease post-
operative pain.

The present study is not without limitations. The study is
limited by the retrospective cohort design, which includes 11
surgeons with varying surgical techniques. The present study
used only one implant system which allowed for improved in-
ternal comparisons and validity of the data but may impact the
ability to generalize these data to other available commercial
systems. However, using a radiographic parameter as a primary
outcome may mitigate this and allow for a more generalizable
dataset. The study included multiple high-volume shoulder
arthroplasty surgeons; however, this also introduces heteroge-
neity within techniques and intraoperative decision-making. The
present study design did not allow control of certain patient or
technical factors that affect internal rotation after RSA, such as
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preoperative rotator cuff status, scapular neck length, sub-
scapularis repair, and inferior glenosphere placement of the gle-
nosphere, among others.19,25,27 We were able to control for some
of this by including preoperative ROM measurements in the
regression, as well as including the LSA and distalization shoulder
angle, which have been previously validated clinically. While we
have presented SCD as a measurable radiographic parameter to
allow for comparison across implants, it is notable that the pre-
sent study design cannot differentiate impingement on the cora-
coid as a source of pain/dysfunction from contact with the
conjoint tendon.

Conclusion

For RSA with a 135o NSA and lateralized glenoid, the post-
operative SCD has a significant association with pain and IR after
RSA. Decreasing SCD was associated with increased pain and
decreased IR, indicating that coracoid or conjoint tendon
impingement may be an important and potentially under-
recognized etiology of pain and decreased IR following RSA.
Further investigations aimed toward identifying a critical SCD to
improve pain and IR may allow surgeons to preoperatively plan
component position to improve clinical outcomes after RSA.
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