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Abstract: Acromioclavicular (AC) injuries are common, especially in the young and active population. AC joint dislo-
cations account for 8% of all joint dislocations and are even more common in contact sports. These injuries are graded as
type I through type VI on the basis of the Rockwood classification method. Types I and II are generally treated without
surgery whereas types IV, V, and VI are best treated operatively. Type III dislocations remain controversial in terms of
treatment, and many surgeons recommend nonoperative treatment first and operative treatment in case of continued
symptoms such as pain, instability, or shoulder girdle dysfunction. The goal of operative treatment is to restore AC joint
stability, which involves addressing both the coracoclavicular and coracoacromial ligaments to achieve a desirable patient
outcome. The objective of this Technical Note is to describe our technique for management of a failed acromioclavicular
stabilization, treated with a coracoclavicular and AC joint capsular reconstruction using tibialis anterior and semite-

ndinosus allografts.

q cromioclavicular (AC) injuries are common in a
young active population, especially in those who
play contact sports with up to 80% of the injuries
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occurring in a male population." The AC injuries are
often associated with disruption of surrounding struc-
tures such as the coracoacromial (CA) and cor-
acoclavicular (CC) ligament and shoulder capsule
injuries.”” Depending on the degree of the concomitant
tissue injury, patients may experience significant
shoulder pain and dysfunction.” Rockwood’s classifi-
cation is used to classify these injuries, which extend
from type I to type VI Injury types I and II are treated
almost universally without surgery, whereas types IV
through VI are treated operatively because of significant
soft-tissue disruption and shoulder dysfunction. The
most controversial are type III injuries with no clear
consensus on the optimal treatment algorithm.” Most
surgeons prefer to treat patients with type III injuries
nonoperatively and in those cases that fail initial
treatment the surgery is indicated.””

Because of the prevalence of AC joint injuries, there
are numerous studies that have described both the
nonoperative and operative treatments.'® A
systematic review by Beitzel and colleagues'’ looked
at 120 studies that collectively describe 162 different
techniques for AC management. The study concluded
that there is no consensus on a gold-standard proced-
ure. Millett et al.” reported complications in 7/31
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(22.6%) patients at 2-year follow up, all who needed
additional surgical procedures. These included clavicle
fracture 2/31 (6.5%), distal clavicle hypertrophy 2/31
(6.5%), graft rupture or attenuation 2/31 (6.5%) and
adhesive capsulitis 1/31 (3.2%). Another systemic re-
view looked at 34 studies (939 patients) and found that
all treatment modalities improved patient outcomes,
but the highest complication rates were in cases that
used hook plate/LK wires techniques (26.3%)." Given
the large number of different surgical techniques and
consistent complication rates, treating patients who
need revision surgery is even more complex. Thus it is
essential to understand the reasons for failure to select
the best option for revision surgery. The objective of
this note is to describe our technique for AC-CC revi-
sion surgery with capsular reconstruction using two
tibialis anterior allografts, cortical button (dog-bone
button; Arthrex, Naples, FL ) and high-strength suture
(AC Tight Rope; Arthrex).

Preoperative Evaluation

Indications for either primary or revision AC-CC
reconstruction are pain and shoulder dysfunction after
failure of at least 3 months of nonoperative treatment
in the setting of a Rockwood type III or above AC-CC
injury. Preoperative work-up consists of a thorough
history and shoulder examination with attention
focused on deformity, symptomatic AC joint instability,
and shoulder range of motion as well as evaluating for
scapular dysfunction and strength deficits. Imaging
studies should consist of AP, Axillary, and Scapular Y
shoulder radiographs as well as bilateral AP radiographs
of the AC joints to assess side to side differences in
coracoclavicular distances and AC joint congruity.
Computed tomography (CT) should also be obtained in
the setting of failed previous AC-CC fixation to assess
for coracoid fracture and to evaluate the prior bone

Fig 1. Left shoulder, beach-chair position. The distal clavicle
was highly unstable. The prior button from the superior
clavicle was removed and suture from the inferior clavicle was
retrieved.
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Table 1. Pearls and Pitfalls of Revision Acromioclavicular-
Coracoclavicular Reconstruction with Coracoid Fracture
Nonunion

Pearls

Prior bone tunnels should be carefully analyzed for size, position
and presence of lysis. If the initial tunnel is poorly positioned or
lysis is present, a new tunnel should be drilled. In cases where the
size of the tunnel is too large, large screw fixation or “cuff links”
should be used.

To restore native stability, it is important to pay attention to the
position of bone tunnels. The medial tunnel (conoid), used for
the tight rope grommet and should be 30 to 45 mm ( in this case
it was 35 mm) medial to the AC joint and on the posterior aspect
of the clavicle. The second clavicular tunnel (trapezoid) should be
positioned on the anterior one third on the clavicle 25 mm from
the distal end and lateral to the conoid tunnel. These tunnels
should be no more than 5 mm to match graft thickness.

The AC joint should be anatomically reduced superior-inferior and
anterior-posterior.

Fluoroscopy should be used to confirm appropriate AC joint
reduction.

Pitfalls

If the old tunnels are not usable, the surgeon must ensure
adequate spacing of the new tunnel(s) to avoid convergence or
fracture. This is particularly important when assessing the
coracoid tunnel.

Care should be taken during dissection or retraction medial to the
coracoid to protect the musculocutaneous nerve and prevent
injury.

Drill plunging during coracoid or acromion drilling may result in
injuries to neurovascular structures or rotator cuff, respectively.
Thus it is highly recommended to use a retractor on the
undersurfaces during drilling.

tunnels for position and widening for preoperative
planning. The surgeon should also consider magnetic
resonance imaging in a revision setting to further
evaluate for intraarticular shoulder or rotator cuff pa-
thology based on examination findings.

Surgical Technique
A narrated video with demonstration of the surgical
technique described in the following may be reviewed
(Video 1).

Patient Positioning and Anesthesia

The procedure is performed with the patient in the
beach-chair position and under general anesthesia and
supplemented by a regional interscalene block for
postoperative analgesic purposes. The knees are placed
in slight flexion with a soft pad under the popliteal
fossa. Care should be taken to pad all bony promi-
nences. The head and neck should be carefully posi-
tioned to achieve neutral position before the procedure.
Examination with the patient under anesthesia is per-
formed, and all relevant bony anatomy is identified
through palpation and marked with a surgical pen.

Surgical Approach
The procedure begins by extending the incision scar
from the prior procedure. All relevant bony structures
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Fig 2. (A) On the preoper-
ative imaging it was noted
that there was a displaced
coracoid  fracture  and
nonunion on the patient’s
the left side. (B) Once the
coracoid was exposed, the
distal aspect was noted to be
mobile and was resected.

are identified via palpation. The incision is approxi-
mately 5 cm in length 2 cm medial to the AC joint
extending from posterior to anterior. Skin and subcu-
taneous tissue are incised and deltotrapezial fascia is
visualized. Full-thickness flaps are created medially and
laterally. Dissection of deltotrapezial fascia is done in
line with the long axis of the clavicle by using a com-
bination of Metzenbaum scissors and needle-tip Bovie
(Bovie Medical, Purchase, NY). The fascia is preserved
to facilitate layered closure. Soft tissues are then
dissected down to the clavicle followed by subperiosteal
dissection to visualize the anterior and posterior aspects
of the clavicle and AC joint. The distal clavicle was
highly unstable and partially subluxed from the AC
joint. The prior button from the superior clavicle is
removed and suture from the inferior clavicle is
retrieved (Fig 1). The superior and inferior aspects of
coracoid are also exposed using Metzenbaum scissors,
followed by CC ligament debridement. This allows for
provisional manual reduction of the AC joint (Table 1).

Graft Preparation

During the initial steps of the procedure, an assistant
may prepare grafts as needed for the reconstruction.
Options for grafts include anterior tibialis allograft or
semitendinosus allograft or autograft. The desired
diameter for each graft is 4 to 5 mm, and preparation
includes whipstitching both ends.

Coracoid Preparation

On the preoperative imaging it was noted that there
was a coracoid fracture with nonunion (Fig 2A). Once
the coracoid was exposed the distal aspect was noted to
be mobile and was resected to a wafer of bone that
connected to the conjoint tendon (Fig 2B). The conjoint
tendon origin was tagged with 3 FiberTape sutures and
proximally exposed. The remnant nonunion section of
coracoid was resected, and the allografts were then
planned to be fixed at the base of coracoid with suture
anchors placed in an intramedullary fashion into the
remaining base of the coracoid. Preparation for a
5.5 mm SwiveLock anchor (PEEK, Arthrex) was then
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performed by first drilling into the base of the remain-
ing coracoid, then tapping to later attach the previously
whipstitched conjoint tendon just posterior and supe-
rior to the anatomic placement of coracoid.

Tunnel Drilling

The remaining coracoid base is exposed and used to
place a 3 mm cannulated guide pin from posterior to
anterior at an angle of approximately 45°, and a passing
suture is passed through the guide pin tunnel (Fig 3).
This is for passage of the TightRope and dog-bone
construct. Two tunnels were drilled in the clavicle.
The first clavicular tunnel was drilled in the posterior
one third of the clavicle approximately 35 mm from the
AC joint (Table 1). This tunnel is used for conoid liga-
ment reconstruction. The second clavicular tunnel is
drilled on the anterior one third on the clavicle 25 mm
medial to the distal end and is used for trapezoid liga-
ment reconstruction. These tunnels should be approx-
imately 4 to 5 mm in diameter to match graft thickness
(Table 1). Passing sutures are passed through these
tunnels. Extra care should be taken while drilling these
tunnels by placing a retractor along the inferior aspect
of the clavicle to prevent damage to the adjacent neu-
rovascular structures (Table 1). One tunnel is then
drilled in the acromion at midline, approximately

Coracoid

5\“&
- N
Fig 3. Left shoulder, beach-chair position. The remaining
coracoid base was exposed and used to place a 3 mm can-

nulated guide pin from posterior to anterior at an angle of
approximately 45°.
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Fig 4. Left shoulder, beach-chair position. The tightrope is
then passed through the base of the coracoid and a dog-bone
button is placed on the suture loop, which is then tightened as
the button is carefully guided to the base of the coracoid to
secure the clavicle into anatomic position.

14 mm lateral to the AC joint followed by a passing
suture for later graft passage.

Fixation

The tightrope suture for the dog-bone button
construct is passed superiorly to inferiorly first through
the clavicle tunnel and the gromet seated into the
clavicle. The tightrope is then passed through the base
of the coracoid and a dog-bone button is placed on the
suture loop which is then tightened as the button is
carefully guided to the base of the coracoid to secure the
clavicle into an anatomic position (Fig 4). A 5.5 mm
PEEK swivel lock anchor is placed into the previously
drilled/tapped hole at the remaining coracoid loaded
with fiber tape sutures to secure the graft and the
conjoint tendon (Fig 5). The conjoint tendon is secured
by whipstitching it with a single limb of the sliding
suture within the swivel lock anchor and then tying the
previously placed fiber tape sutures to the tension limb
after securing it to the base of the remaining coracoid
and superior glenoid neck (Fig 6).
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One end of the graft is placed against the coracoid
base and secured by suturing it with the fiber tape
previously passed through the swivel lock anchor. One
limb of the graft is passed from anterior to posterior
inferior to the clavicle. Final tightening of the tightrope
is performed, and the sutures limbs are tied. The two
ends of the graft are then tensioned over the superior
clavicle and secured with fiber tape.

The posterior graft limb is crossed deep to the anterior
limb and passed inferior to superior through the lateral/
anterior clavicle tunnel and secured with a 5.5 x 8 mm
biotenodesis screw (Fig 7). This limb is then passed from
inferior to superior through the acromion tunnel and a
second tenodesis screw is placed in the acromion to
secure the graft. The two free graft limbs were again
tensioned over the superior clavicle and sutured
together with fiber tape, then cut.

The final construct creates basically a soft tissue hook
plate through reconstruction of the AC joint capsule
with the allograft. Range of motion of the arm is
checked, and the stability of the reconstruction is
confirmed. The wound is copiously irrigated and ready
for closure.

Closure

The full-thickness deltotrapezoidal fascia flaps are
closed with nonabsorbable suture in a pants-over-vest
fashion for additional tension across the AC joint. The
deep dermal layer and skin are closed with buried
absorbable suture. A sterile dressing is applied, and the
patient is placed in a padded abduction sling with elbow
support.

Postoperative Rehabilitation
The patient is placed in a padded abduction sling with
full elbow support for 6 weeks. During this period
passive range of motion at the elbow and wrist is
initiated. Passive shoulder motion is limited to below

-

Distal End of Clavicle

gl

5

Fig 5. (A) Left shoulder, beach-chair position. A 5.5 mm PEEK SwiveLock anchor is placed into the previously drilled/tapped in
the intramedullary canal of the remaining coracoid stump and is loaded with fiber tape sutures to secure the graft and the
conjoint tendon. (B) Left shoulder, beach-chair position. The 4.75 mm PEEK SwiveLock is inserted into the base of the coracoid.
The sutures will be used to secure and tie in the allograft (semitendinosus), which reconstructs the coracoclavicular ligaments.
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the horizontal plane. Physical therapy begins immedi-
ately for guidance on passive range of motion and re-
strictions. Active assist range of motion begins at
6 weeks after surgery, and strengthening begins at
3 months after surgery. The patient resumes full ac-
tivities at 6 months or earlier if cleared by the physician.

Discussion

This Technical Note describes revision AC joint
reconstruction with coracoid fracture malunion using 2
tibialis anterior allografts with capsular reconstruction
to restore AC joint stability. AC joint injuries are most
common in younger individuals who participate in
contact sports.'®?’ In those who undergo surgical
treatment, up to 30% of patients will require
reoperation.” This demonstrates the complexity of AC
joint stabilization procedures and the multitude of
techniques that can be applied in different cases.

There are various reasons for complications after the
AC joint stabilization, which include but are not limited
to type of implant and method used, postoperative care,
and infection.'”?'?® Thus it is prudent to understand
the index procedure techniques, mechanics of the
implants, and the mechanism of the initial injury. In
their systematic review Moatshe et al.® reported that
the use of hook plates and K-wires in AC joint recon-
struction resulted in highest rates of complications
while the modified Weaver-Dunn procedure had high
rate of unplanned reoperations. Weaver-Dunn includes
distal clavicle resection and transfer of the CA ligament
to the CC ligament although several modifications of
this procedure involve the use of allograft passed infe-
rior to the clavicle and wrapped around the clavicle. In
general, failure of these procedures leave the coracoid
intact, which makes our procedure ideal for
revisions.”**”

Conversely, techniques that use anatomic recon-
struction with a combination of high-strength suture
and button devices along with allograft require drill

Distal End of Clavicle

Fig 6. Left shoulder, beach-chair position. The conjoint
tendon is secured by whipstitching it with a single limb of the
sliding suture within the swivel lock anchor; thus both the
semitendinosus allograft and the conjoint tendon are sutured
via the SwiveLock anchor into the remaining base of the
coracoid.
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5.5mm tenodesis screw
into anterolateral clavicle
secure allograft.

Fig 7. Left shoulder, beach-chair position. One of the allograft
limbs is crossed deep to the other limb and passed inferior to
superior through the anterolateral 5.0 mm clavicle tunnel and
secured with a 5.5 x 8 mm biotenodesis screw.

holes through coracoid and clavicle, which provide a
stress point of failure because of fracture or cutout.”” '
In our case there was a coracoid fracture malunion
from the initial injury and a tunnel drilled into the
coracoid requiring the distal part of coracoid to be
resected. It was imperative to place the bone tunnel
away from the fracture/cutout area at the base of the
coracoid using a minimal footprint to ensure strength
for the reconstruction. The advantage of our
procedure is that only one tunnel is required for the
coracoid in order to use the dog-bone button and
tightrope construct to augment fixation. It is important
to mention that this is not the only technique for joint
reduction in this procedure.

A key advantage of anatomic reconstruction is the
restoration of the native biomechanics of the AC
joint.”! Several studies show that this increases the
strength of the joint and reduces the risk of future
instability.”' > Additionally, we prefer to use biological
over synthetic grafts since biological grafts have been
reported to be superior in terms of radiographic and
clinical outcomes.”®’” Although there are favorable
short-term clinical outcomes in anatomic AC recon-
struction procedures, further studies are needed to
assess the long-term outcomes.
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