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Background: Dewar’s procedure for transferring the coracoid process with the short head of biceps and
coracobrachialis was reported in 1965 for treatment of both acute and chronic acromioclavicular (AC)
joint separation, but little contemporary literature exists around the procedure. We report the clinical
results of coracoid process transfer with excision of the lateral end of the clavicle for chronic AC joint
separation.
Methods: Fifty-one patients (39 men and 12 women, mean age 46 ± 16 years) were included in the
study. Clinical outcomes were evaluated using the American Shoulder and Elbow Surgeons and the
Japanese Orthopaedic Association scores, as well as by measuring active range of motion in the shoulder,
before-after (minimum follow-up time of 24 months [27 ± 3 months]) surgery. Plain radiographs were
used to examine stability of the AC joint and bone union of the graft.
Results: The mean American Shoulder and Elbow Surgeons and Japanese Orthopaedic Association scores
increased (from 61 ± 14 to 91 ± 6, and from 54 ± 9 to 89 ± 8, respectively) at the time of final follow-up.
There were no differences in active elevation and external rotation between before-after operation. Six
patients whose grafts were fractured or displaced showed complete or partial loss of reduction of the AC
joint.
Conclusion: By transferring the coracoid process, the AC joint regained stability after chronic joint
separation. Although potential complications related to the graft still need to be addressed, Dewar’s
procedure and lateral clavicle resection could be a reliable treatment of chronic AC joint separation.

© 2022 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/).
Most acromioclavicular (AC) separations could become mini-
mally symptomatic with time, but some chronic separations
result in persistent symptoms and require surgical interven-
tion.13 The WeavereDunn procedure20 of transferring the cor-
acoacromial (CA) ligament to the distal end of the clavicle has
been a common surgical procedure with several modifications of
temporary augmentation techniques. Experimental studies have
shown, however, that due to the weakness of the transferred CA
ligament comparing with normal, intact coracoclavicular (CC)
ligaments9,10 subluxation or complete redislocation often occur
after the procedure.19,21 Anatomic reconstruction with autograft
or allograft can provide an improved stability,14,18 but the pro-
cedure is costly, technically demanding with possible negative
aspects at graft harvesting site or increased risk of inflammatory
response and disease transmission. After Dewar and Barrington5
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described a method transferring the coracoid process with the
short head of biceps and coracobrachialis, several authors1,8 re-
ported their results in both acute and chronic cases. Recent
publications on this procedure are scarce. In this study, we report
the clinical results of coracoid process transfer for chronic AC
joint separation.

Materials and methods

Between 2010 and 2018, a total of 68 patients with chronic AC
separation underwent Dewar’s procedure and excision of the
lateral end of the clavicle at our institution. An AC-joint injury older
than 3 months was defined as chronic. Intolerable pain and func-
tional disability after conservative treatment were used as in-
dications for surgery. One patient with rheumatoid arthritis and
two patients who underwent previous surgery of the shoulder joint
were excluded from this study. Two patients, whose combined
rotator cuff injuries were repaired at the same surgery session,
were also excluded from the study. That left 63 patients eligible for
consideration. Of those, 12 patients were lost before the minimum
study follow-up of 2 years or had incomplete datasets, and 81% (51
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Figure 1 Flowchart of patient selection.
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of 63) were analyzed retrospectively (Fig.1). The study protocol was
approved by the institutional review board of our hospital (no. E
253). Although the study included patients treated before it was
approved by the board, each patient provided written informed
consent prior to their surgery for being included in any treatment
study.

Clinical and radiographic assessment

American Shoulder and Elbow Surgeons (ASES) scores and
Japanese Orthopaedic Association (JOA) scores were obtained from
patients preoperatively and at the final follow-up. Shoulder eleva-
tion and external rotation were assessed using both active and
passive range of motion (ROM) with the patient in sitting position.
Muscle strength was evaluated by themanual muscle test on a scale
of 0-5, where 5 ¼ normal amount of resistance to applied force,
4 ¼ ability to move the segment (the arm) through its ROM against
strong to moderate pressure, 3 ¼ ability to move the segment
through its ROM against gravity, 2 ¼ ability to move the segment
through its ROM but not against gravity,1¼ presence of contraction
in the muscle without joint motion, and 0 ¼ no muscle contraction.
Strength of shoulder elevation was measured with the thumb up,
and external rotation strength was measured with the arm at the
side. The elbow flexion strength was measured in 90� of elbow
flexion. These assessments were performed by senior physical
therapists (none of the authors) preoperatively and at the final
follow-up.

All patients had preoperative plain radiographs and computed
tomography scans, and were classified by the surgeon as having
Rockwood III-V injuries (Fig. 2A). The radiographs in two positions
at the last follow-up were used to determine whether each AC joint
maintained the position (Fig. 2 B andC). According to the method of
Jiang et al,11 the maintenance of reduction of the AC joint in the
radiographs with arm dependent position was defined as (1) a
maintained reduction (Fig. 2B); no side-to-side difference was
seen; (2) a partial loss of reduction (Fig. 3A); there was a side-to-
side difference of less than the width of the clavicle; and (3) a
complete loss of reduction (Fig. 3B); there was a side-to-side dif-
ference ofmore than thewidth of the clavicle. The radiographswith
arm elevation were used to evaluate maintenance of reduction in
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the anteroposterior direction. The radiographs at the last follow-up
were also used to determine whether the graft bone was fused to
the clavicle or not.

Surgical procedure and postoperative management

The patient was placed in the beach-chair position under general
anesthesia. A curved skin incisionwasmade from posterior to the AC
joint to the tip of coracoid process. The AC joint was inspected and
the intra-articular disc with a 5 mm segment of the distal clavicle
was resected. The width of resection was determined to prevent
bone-to-bone contact after operation.2 The anterior deltoid was split
and the coracoid process was exposed. The coracoid was osteotom-
ized 1 cm proximal to the tip of the process with the conjoined
tendon (the short head of biceps and coracobrachialis) preserving
the pectoralis minor and the CA ligament attachments to the cora-
coid base proximal to the site of osteotomy. Osteoperiosteal decor-
tication was performed anterior bottom of the clavicle at the distal
site of the conoid tubercle and a screw hole was directed posteriorly
to the upper clavicle. A 4mm Arbeitsgemeinschaft für Osteosyn-
thesefragen (AO) short thread cancellous screw and washer (Depuy
Synthes Companies, Raynham,MA, USA; Johnson& JohnsonMedical
Devices, Newbrunswick, NJ, USA) were used to secure the graft,
while the shoulder and the elbow were flexed. Fixing the graft
provided the reduction of the AC joint. There was no need of
reducing and securing the position before the transfer. Lastly, upper
surface of the joint and the deltotrapezial fascia were repaired. A
schematic drawing of the procedure is shown in Fig. 4.

Postoperatively, the shoulder was kept in a sling for six weeks.
Each patient was supervised by a physical therapist. Patients began
pendulum exercises and assisted ROM exercises. Active exercises
were started at week 6 post surgery. Resistive strengthening exer-
cises were initiated at 2 months, and all occupational or sports
activities were permitted at 6 months.

Statistical analysis

Data are presented as mean ± SD. We compared findings be-
tween the unstable and stable groups using unpaired t-test, and
between the preoperative and postoperative time points, using



Figure 2 (A) The plain radiograph shows complete AC joint separation. (B) The AC joint maintained reduction in the radiograph with arm dependent position. (C) The AC joint
maintained reduction in the radiograph with arm elevation. AC, acromioclavicular.

Figure 3 (A) The plain radiograph shows partial loss of reduction. Distal end of the clavicle moves upward less than the width of the clavicle from the level of acromial undersurface
(the white dotted line). The graft (black arrows) displaces to the anterior glenoid. (B) The plain radiograph shows complete loss of reduction. Distal end of the clavicle moves upward
more than the width of the clavicle from the level of acromial undersurface. The graft (black arrows) displaces inferiorly.

Figure 4 Schematic drawing of the procedure. The coracoid tip with the conjoined
tendonwas secured to the clavicle at the distal site of the conoid tubercle using a screw
(S). The coracoacromial ligament was still preserved to the acromion (A). The intra-
articular disc of the acromioclavicular joint and the distal clavicle were resected.
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paired t-test. Categorical parameters were analyzed with the chi-
square test.
Results

The procedure improved ASES scores (preoperative 61 ± 14 to
postoperative 91 ± 6, mean difference 30 [95% confidence interval
95
{CI}: 26-35]; P < .01). Similarly, JOA scores improved (preoperative
54 ± 9 to postoperative 89 ± 8, mean difference 35 [95% CI: 31-38];
P < .01). There were no differences in active elevation (preoperative
139 ± 21� to postoperative 146 ± 14�, mean difference 6� [95% CI: -1
to 14]; P¼ .08), or in active external rotation (preoperative 52 ± 25�

to postoperative 53 ± 20�, mean difference 1� [95% CI: �8 to 10];
P ¼ .83) at the last follow-up.

There were 24 Rockwood type III, 1 type IV, and 26 type V in-
juries. All the patients were confirmed to have complete reduction
in the radiographs taken immediately after operation. Based on the
reduction observed in the radiographs with arm dependent posi-
tion at the last follow-up, patients were allocated to two groups
(Table I): 45 (stable group) patients of the 51 maintained reduction
and 6 (unstable group) patients had loss of reduction. One of these
six patients showed complete loss of reduction, whereas the other
five patients showed partial loss of reduction according to the
method of Jiang et al.9 Each patient in the stable group also
maintained complete reduction in the radiographs with arm
elevation. All the six patients in unstable group had the graft bones
fractured or displaced at some point (3-8 weeks) post surgery
(Fig. 3). There were no differences between the groups in ASES
scores (mean difference 1 [95% CI: �5 to 7]; P ¼ .72), in JOA scores
mean difference 2 [95% CI: �6 to 9]; P ¼ .67), in active elevation
(mean difference 1� [95% CI: �12 to 14]; P ¼ .89), or in external
rotation (mean difference 6� [95% CI: �12 to 25]; P ¼ .51) at the last
follow-up. In two patients, the metal screws were backed out, but
the grafts remained fused, maintaining reduction of the AC joint.



Table I
Patients characteristics.

Unstable
(N ¼ 6)

Stable
(N ¼ 45)

P Value

Mean age (yr) 47 ± 10 42 ± 17 .55*

Gender (male / female) 6 / 0 33 / 12 .87y

Rockwood type (III/IV/V) 3 / 0 / 3 21 / 1 / 23 .15y

Preoperative ASES 60 ± 5 61 ± 15 .90*

Preoperative JOA 53 ± 5 55 ± 9 .63*

Preoperative elevation (�) 129 ± 21 141 ± 21 .21*

Preoperative external
rotation (�)

54 ± 17 51 ± 26 .78*

ASES, American Shoulder and Elbow Surgeons; JOA, Japanese Orthopaedic
Association.

*Analyzed with the unpaired test.
yAnalyzed with the chi-square test.
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All patients regained muscle strength to the level 5 of manual
muscle test in shoulder elevation and external rotation and elbow
flexion 6 months after the procedure, and all (except one patient
who did not want another surgery) of them had removal of the
screws. At surgery of screw removal, closed manipulation was
performed in two patients because of limited ROM, and additional
resection of distal clavicle was performed in one patient who had
continued pain at the joint. Screw removal was done routinely
because we previously experienced two patients with irritation at
the site; but we don’t think routine removal was necessary.

Discussion

Some chronic AC separations result in persistent symptoms and
require surgical intervention.13 Many surgical techniques have been
reported for the treatment of chronic AC separation, but there is no
gold standard, ideal technique.15,17

In 1967, Dewar and Barrington5 described amethod transferring
the coracoid process with the short head of biceps and coraco-
brachialis. Several authors1,8 reported its use in the past, but limited
recent evidence on the procedure has been published. Many sur-
geons would be familiar with the coracoid osteotomy because the
BristoweLatarjet procedure transferring the coracoid is a common
surgery for anterior shoulder instability with significant glenoid
bone defects,12 and we thought the procedure could be a useful
treatment option for chronic AC separations.

In the current study, the coracoid was osteotomized 1 cm proximal
to the tip of the coracoid process. We made a particular effort in
preserving the CA ligament and the pectoralis minor. There is a risk
sacrificing the CA ligament which is against anterior-superior migra-
tion of the humeral head if a patient later has a large rotator cuff tear.
Also, detachment of the pectoralisminorwas avoided in order to avoid
the altering scapular position and motion.3 One anatomic study6

showed the lengths from the tip to the anterior pectoralis minor,
and from the tip to the anterior CA ligament averaged 4.6 mm and 7.8
mm, respectively. The widths of their insertions were 11.8 mm for the
pectoralis minor and 17.9 mm for the CA ligament, supporting most of
their fibers were preserved during the osteotomy.

Dewar’s is a simple procedure with the transfer of the coracoid
tip. We observed all the joints were reduced when fixing the tip of
the coracoid process to the clavicle. Reducing the AC separation
which might be difficult for chronic cases was not necessary before
the transfer. We thought it was meaningful to explore the potential
and expand the uses of this conventional technique. Postoperative
ASES scores reportedly averaged 95.1 for the CC reconstruction and
87.9 for the WeavereDunn procedure.4 The scores for the coracoid
process transfer were compatible with those previous reports.
Postoperative plain radiographies showed there was no widening
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in the CC space as long as the graft was fused to the clavicle. Nar-
rowing in the CC space was not observed either. However, we must
admit that the complication rate was rather high. Pseudoarthrosis
of the coracoid graft in the BristoweLatarjet procedurewas pointed
out to be usually related to the unicortical or single screw fixation.7

Using two screws for a longer graft might prevent fracture or
displacement of the bone graft with chronic AC separation as well.
If the complications about fixing the graft are solved, the procedure
could be salvage after failure of an anatomic reconstruction in
addition to being a primary procedure.

The current study has several limitations. It was a retrospective
study, and there was no control group to compare with. Biome-
chanical assessment of the procedure is needed. Plain radiographs
only in two positions were used for assessment. Most patients
showed reduction of the AC joint, but radiographs under stress
loading would be needed to detect subtle instability.4 Some author
added tenodesis at the coracoid bed after this Dewar’s procedure to
reconstruct the CC ligaments.16 Further experimental study could
determine whether just the muscle transfer would work to
reconstitute a static stabilizer.

Conclusion

By transferring the coracoid process, the AC joint regained sta-
bility after chronic joint separation. Although potential complica-
tions related to the graft still need to be addressed, Dewar’s
procedure and lateral clavicle resection could be an option for
chronic AC joint separation.
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