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Background: Persistent anterior shoulder pain is an under-reported complication after reverse total
shoulder arthroplasty (RTSA). The purpose of this study was to determine the effectiveness of open
conjoint tendon release in patients with anterior shoulder pain due to conjoint tendinitis after RTSA.
Methods: Open conjoint tendon release was performed by the senior author from June 2014 to
November 2018 in patients with persistent anterior shoulder pain after RTSA. Patients were evaluated
preoperatively and at a minimum of 1 year postoperatively by phone interview with patient-reported
outcome scores including a visual analog scale score for pain and the American Shoulder and Elbow
Surgeons score.
Results: We evaluated 11 of 12 patients (92% follow-up) at a minimum of 1 year (average, 27 ± 11
months) after conjoint tendon release. American Shoulder and Elbow Surgeons and visual analog scale
pain scores improved from 29.0 ± 22.1 and 7.3 ± 2.0, respectively, preoperatively to 58.2 ± 30.6 and 3.1 ±
3.5, respectively, postoperatively, after open conjoint tendon release (P ¼ .02 and P ¼ .003, respectively).
Of the patients, 45% (5 of 11) reported improvement but with some coracoid pain after the release
whereas 55% (6 of 11) reported no coracoid pain after the release. No complications occurred as a result
of the release, and no patients required reoperation.
Conclusion: Our results suggest that conjoint tendinitis may be a cause of persistent postoperative
anterior shoulder pain after RTSA and open conjoint tendon release is a successful treatment.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
In recent years, reverse total shoulder arthroplasty (RTSA) has
become the most commonly performed shoulder arthroplasty
procedure9; it is indicated for rotator cuff tear arthropathy, gleno-
humeral osteoarthritis with a compromised rotator cuff, complex
proximal humeral fractures, pseudoparalysis due to irreparable
rotator cuff tear in elderly persons, and revision shoulder
arthroplasty.2,3,5,6,7,19,20,22,26-28,32,33 Postoperative complications
after RTSA include infection, instability, hardware component
loosening, acromial and scapular spine fractures, neurologic injury,
and scapular notching.2,9,12 We have identified another infrequent
complication in our cohort of patients after RTSA, persistent ante-
rior shoulder pain, the cause of which can be difficult to determine.
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RTSA in the Grammont style involves a translation of the gle-
nohumeral joint's center of rotation (COR) both medially and
inferiorly.4,13,27,29 The COR after a traditional Grammont RTSA is
fixed at the center of the glenosphere, which is bound tightly to the
glenoid and more medial than the native COR.15,31 This shift in the
COR is thought to be important for deltoid function.17,18 The shift
lengthens the deltoid muscle, which is thought to increase the
deltoid's mechanical moment arm and thus its ability to abduct and
flex the humerus.17,23 Increased deltoid tension, however, may be a
cause of acromial and scapular spine fractures or neurologic
injury.1,2,8,16,21,24,25,34 Other structures are tensioned as well,
including the short head of the biceps brachii and the coraco-
brachialis. It is unclear whether lengthening of these muscles has
any consequences for the function of these muscles or whether
lengthening these muscle-tendon units can create pathology
within them. Certainly, muscle lengthening could theoretically
create tendinitis within these muscles, which could lead to
persistent anterior shoulder pain after RTSA.

The purpose of this study was to determine whether isolated
short head of the biceps brachii tendon and coracobrachialis
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Figure 1 Proximal aspect of deltopectoral incision marked for conjoint tendon release. Figure 3 Complete release of conjoint tendon being held with forceps and allowed to
retract.

Table I
Demographic
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tendon release from the coracoid process in patients with persis-
tent anterior shoulder pain after RTSA could reliably decrease pain
and improve functional outcomes without complication or
compromise of the function of the shoulder.

Materials and methods

Patient inclusion

This study was a retrospective case series. We identified all
patients within the (R.Z.T.) electronic medical record who under-
went an open conjoint tendon release procedure for persistent pain
after RTSA during the years 2014-2018. The senior author (R.Z.T.)
performed all of the procedures. The indications for the surgical
procedure included persistent anterior shoulder pain directly over
the short head of the biceps brachii and coracobrachialis either at
the insertion on the coracoid process or along the tendon distally.
All patients had tenderness to palpation directly over the conjoint
tendon just distal to the coracoid process, and this tenderness
represented the patients' primary symptomatic complaint. All pa-
tients underwent an evaluation for infection and showed negative
inflammatory marker results (C-reactive protein level and eryth-
rocyte sedimentation rate) and negative aspiration findings prior to
the procedure. Radiographs showed no evidence of acromial,
scapular, or coracoid fracture. All patients had a functioning deltoid
with no clinical evidence of a neurologic injury. Only patients in
whom the procedure had been performed >1 year prior to the time
of study initiation were considered for inclusion in the study.

Data collection

The following data were collected via a review of the electronic
medical record: patient age, sex, body mass index, American
Figure 2 Exposed coracoid tip and conjoint tendon.
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Society of Anesthesiologists score, tobacco use, type of arthroplasty
prior to conjoint tendon release, overall number of prior surgical
procedures before conjoint tendon release, preoperative American
Shoulder and Elbow Surgeons (ASES) score, and preoperative visual
analog scale (VAS) score for pain.

A total of 12 patients were identified who met the inclusion
criteria. The patients were contacted via telephone. Eleven of 12
patients were able to be contacted and had a minimum of 1-year
follow-up. On contact, patients were asked whether they still had
pain localized to the coracoid (yes or no) and were asked to com-
plete the ASES score and VAS score for pain.

Surgical technique

All procedures were performed with patients in the beach-
chair position. A 4-cm incision was made in the superior segment
of the existing deltopectoral incision (Fig. 1). The deltoid was
retracted laterally, and the pectoralis was retracted medially. The
conjoint tendon and coracoid tip were identified, and dissection
was carried out posterior to the conjoint tendon at the level of the
coracoid (Fig. 2). The short head of the biceps brachii and cor-
acobrachialis tendons were then completely released from the
coracoid tip using cautery. The released tendons were dissected
distally several centimeters to ensure a tension-free release. After
release, the tendons would typically retract 1-2 cm from the tip of
the coracoid (Fig. 3).
Variable n, Mean SD (%)

Age, yr 67.1 (10.5) 10.5
BMI 30.4 (6.8) 6.8
Time from primary RTSA to

conjoint tendon release, mo
25.8 (23.8) 23.8

Female sex 9 9 (81.8)
Tobacco use
Current 0 (0)
Former 4 (36.4)
Never smoker 7 (63.6)

ASA score
1 2 (18.2)
2 3 (27.3)
3 5 (45.5)

SD, standard deviation; BMI, body mass index; RTSA, reverse total shoulder
arthroplasty; ASA, American Society of Anesthesiologists.
Discrete variables are presented as number (percentage), whereas continuous
variables are presented as mean (SD).
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Table II
Preoperative and postoperative patient-reported outcomes for each patient with 1-year follow-up

Preoperative Time to follow-up, mo Postoperative Change

ASES score VAS pain score ASES score VAS pain score ASES score VAS pain score

Patient 1 3.3 10 46 18 8 14.7 e2
Patient 2 13.3 8 26 15 8 1.7 0
Patient 3 85 2 17 96.7 0 11.7 e2
Patient 4 27 7 36 86 0 59 e7
Patient 5 48.3 8 24 93 0 44.7 e8
Patient 6 36.7 6 38 63.3 1 26.6 e5
Patient 7 18.3 8 28 36.7 5 18.4 e3
Patient 8 16.7 8 40 81.7 0 65 e8
Patient 9 26.7 7 17 35 6 8.3 e1
Patient 10 20 8 14 78.3 0 58.3 e8
Patient 11 23.3 8 14 36.7 6 13.4 e2
Mean ± SD 29 ± 22.1 7.3 ± 2 27.3 ± 11.3 58.2 ± 30.6 3.1 ± 3.5 29.3 ± 23.1 e4.2 ± 3.1

ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale; SD, standard deviation.
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Statistical analysis

Statistical analyses were performed using Excel X (Microsoft,
Redmond, WA, USA). Descriptive statistics were calculated,
including demographic characteristics and functional outcomes
(ASES and VAS pain scores). Comparisons between preoperative
and postoperativemeasures were performed using the paired t test.
Statistical significance was evaluated at the .05 level.

Results

Wewere able to contact 11 of 12 patients at a minimumof 1 year
after conjoint tendon release, with a mean follow-up period (±
standard deviation) of 27.3 ± 11.3 months (range, 14-46 months)
postoperatively. Of the 11 patients, 82% (9 of 11) were women.
Demographic characteristics, including tobacco use, age, bodymass
index, and American Society of Anesthesiologists score, are detailed
in Table I. The conjoint tendon release was, on average, each pa-
tient's third procedure (standard deviation, ±1.5) on the affected
shoulder, including non-arthroplasty procedures. Four of 11 re-
leases were performed after a revision RTSA, whereas 7 of 11 RTSAs
were primary arthroplasties. The senior author performed the RTSA
(either primary or revision) in 82% of patients (9 of 11), and the
conjoint tendon release procedure was performed at an average of
25.8 ± 23.8 months (range, 3-72 months) after the RTSA.

Patient-reported outcomes

An improvement in the ASES score greater than the minimal
clinically important difference (MCID) for patients after shoulder
arthroplasty occurred in 5 of 11 patients (45%), and an improve-
ment in the VAS pain score greater than the MCID for patients after
shoulder arthroplasty was noted in 9 of 11 patients (82%).30 There
were significant improvements from preoperatively to post-
operatively in the ASES score (29.0 ± 22.1 vs. 58.2 ± 30.6, P ¼ .02)
and VAS score for pain (7.3 ± 2.0 vs. 3.1 ± 3.5, P¼ .003) (Table II). On
the postoperative VAS, 55% of patients (6 of 11) reported a score of
0 or 1 for pain. Of the patients, 55% (6 of 11) reported complete
resolution of their anterior shoulder pain whereas 45% (5 of 11)
reported some residual anterior pain over the coracoid. No intra-
operative or postoperative complications occurred, and no patients
required further surgery on the shoulder.

Discussion

A substantial amount of literature exists regarding complica-
tions of RTSA; however, there is limited information on the
977
treatment of persistent postoperative anterior shoulder pain after
RTSA without another underlying diagnosis. As RTSA with a
Grammont-style prosthesis involves distalization of the humerus, it
tensions the conjoint tendon and, in our experience, can contribute
to residual anterior shoulder pain. In this cohort of patients, iso-
lated release of the entire conjoint tendon without repair led to a
significant reduction in pain and improved function. This procedure
was rapid, did not have any functional consequence for the shoul-
der, and did not result in complications or reoperations.

Pain following RTSA is common. After RTSA, the VAS score for
pain at minimum 2-year follow-up was 1.8 ± 2.2 and the average
ASES score was 72.7 ± 20.8.30 Anterior shoulder pain due to
conjoint tendinitis has been previously described but never in the
setting of RTSA.14 Within our study, conjoint tendon release
significantly improved pain and function in patients with anterior
shoulder pain after RTSA. However, whereas conjoint release can
significantly improve pain and function, patients on average still
appear to have slightly inferior outcomes to those of an uncom-
plicated primary RTSA, although standard deviations overlap for
both ASES scores and VAS pain scores, with the current data sup-
porting no statistically significant differences.30

Other potential techniques for the treatment of persistent
anterior conjoint tendonebased pain may be considered, including
lengthening of the tendon in a step-cut fashion or in situ release
using the “pie-crust” technique.10,11 Both of these methods may
better preserve the function of the short head of the biceps brachii
and coracobrachialis compared with complete release, although
pain may continue with these techniques because of some conti-
nuity of the tendon. Complete release did not appear to result in an
increased risk of complications or reoperations in the current
cohort of patients. Neither the pie-crust technique nor the
lengthening procedure has been performed by the senior author.

This study has limitations. It was a retrospective study with only
1-year minimum follow-up. Because the release procedure only
involves the soft tissue, we believe that 1 year is enough time for
patients to experience improvement and that the extent of
improvement would be sustainable at that time point. Thus, no
predefined algorithmwas used to guide treatment. Our sample size
was small, as this procedure is uncommon. Consequently, both
primary and revision procedures were included, and because of the
rarity of the operation, any exclusion based on indication would
have severely restricted the sample size. Our study presents results
from short- to mid-term follow-up. We identified that only 45% of
patients showed improvement in the ASES score greater than the
MCID but >80% showed improvement in the VAS score greater than
the MCID. Therefore, while not perfect, conjoint tendon release
does give an option for patients to achieve significant pain
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improvement with low morbidity. Finally, we did not include any
specific measure of elbow or shoulder flexion strength to document
whether this procedure resulted in measurable weakness. With
longer follow-up, patient-reported function and pain may change.

Conclusion

Our results suggest that conjoint tendinitis may be a cause of
persistent postoperative anterior shoulder pain after RTSA and
open conjoint tendon release can be successful at reducing pain and
improving functional outcomes.
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