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Ligament Reconstruction and Repair With
Semitendinosus Allograft
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Abstract: Injuries to the acromioclavicular (AC) joint are common and comprise ~12% of shoulder injuries. Stability to
the AC joint depends on the coracoclavicular (CC) ligaments for vertical stability and AC ligaments and capsular structures
for horizontal stability. Injuries to the AC ligaments can lead to horizontal instability of the AC joint. There is no gold
standard technique for treating these injuries surgically, and many of the described procedures focus on vertical instability
rather than horizontal instability. This article describes an open AC ligament reconstruction with semitendinosus allograft

to restore horizontal stability of the AC joint.

he acromioclavicular (AC) joint is a diarthrodial

joint connecting the acromion and the clavicle.
Injuries to the AC joint are common and comprise ~ 12%
of shoulder injuries.' ” Stability of the AC joint depends
on contributions from both the coracoclavicular (CC)
ligaments and AC ligament and capsular structures.”
The CC ligaments include the conoid and trapezoid liga-
ments, of which the conoid is stronger, and attach the
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clavicle to the coracoid process of the scapula, thereby
providing vertical (superior-inferior) stability. The AC
ligament comprises 4 components, of which the posterior
and superior components are the strongest and attach the
acromion to the distal clavicle, providing horizontal
(anterior-posterior) stability to the AC joint.”” Injuries to
this ligament lead to horizontal instability of the AC joint,
which can cause chronic AC joint injuries, pain, and
disability.®”

Acromioclavicular joint separations are classified us-
ing the modified Rockwood classification (Table 1;
Figure 1).'%'" Type II injuries are often successfully
treated nonoperatively with a short period of immobi-
lization in an abduction sling, followed by shoulder
rehabilitation focusing on scapular retraction. Rarely,
isolated horizontal instability persists after failure of
nonoperative management. Persistent horizontal
instability can cause pain and functional impairment,
especially with cross-body adduction. In these cases,
surgery may be necessary to stabilize the AC joint.

There is no gold standard in the surgical treatment
of AC joint injuries, particularly with regard to
managing horizontal instability.”'> More than 150
procedures for AC reconstruction have been
described.'” Many of these procedures focus on CC
ligament reconstruction (vertical instability) rather
than AC ligament reconstruction (horizontal insta-
bility).'# This article describes an open technique for
AC ligament repair and allograft reconstruction with
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Table 1. Modified Rockwood Classification

G. M. ALIBERTI ET AL.

Type Rockwood

Modification

I Sprain of the AC ligament without radiographic abnormality; No CC

ligament damage

I AC ligament and joint capsule disruption; Sprained, but intact, CC
ligaments; 50% vertical subluxation of the distal clavicle

IOI  AC ligament and joint capsule disruption; Disruption of the CC
ligaments; 100% superior displacement of the distal clavicle

dysfunction

IIIA (stable) — Stable AC joint without overriding of the clavicle on
the cross-body adduction view and without significant scapular

IIIB (unstable) — Therapy-resistant scapular dysfunction and an
overriding clavicle on cross-body adduction view

IV Posterior displacement of the distal clavicle into the trapezius
\ Injury to the AC and CC ligaments with >100% superior

displacement of the clavicle

VI  Subacromial or subcoracoid displacement of the clavicle

Abbreviations: AC, acromioclavicular; CC, coracoclavicular.

Clincal and radiological re-
evaluation after 3-6 weeks

Persisting pain & scapula

No persisting pain & full

dyskinesis function
Type lIA
Cross body adduction view . .
(Basamania/Alexander) Continue non-surgical
treatment

Overriding of the distal clavicle| No overrucillggigfethe distal
Type l1IB Continue non-surgical
Opt for surgical treatment treatment

Consider surgery if
conservative treatment failed
(Type 11IB)

Fig 1. Modified Rockwood
classification. The original
Rockwood classification
describes 6 types of acro-
mioclavicular (AC) joint
injuries. =~ The modified
Rockwood classification
expands on Rockwood’s
original classification by
separating type III injuries
into stable (ITA) and un-
stable (IIIB). Type IIIA in-
juries involve a stable AC
joint without overriding of
the clavicle on cross-body
adduction view and
without significant scapular
dysfunction, whereas type
1B injuries involve
therapy-resistant  scapular
dysfunction and an over-
riding clavicle on cross-
body adduction view.



RESTORING HORIZONTAL STABILITY OF THE ACROMIOCLAVICULAR JOINT

Opened AC joint capsule,
| exposing superior AC joint

Fig 2. The right shoulder of a patient diagnosed with a type
II acromioclavicular (AC) joint separation confirmed by
magnetic resonance imaging is exposed while the patient is
in the beach chair position. The AC joint is exposed through
a superior incision in line with the clavicle. Here, the AC
joint capsule has been opened, exposing the superior AC
joint.

semitendinosus allograft to restore horizontal stability
of the AC joint (Video).

Surgical Technique

Indications for this procedure include any type II AC
joint injury with attenuation of the AC joint ligament
and capsule in a patient who failed extensive conser-
vative treatment and has continued horizontal insta-
bility, pain, and poor shoulder function. Horizontal
instability is confirmed on physical exam with tender-
ness over the AC joint and palpable instability and
crepitus of the AC joint with digital manipulation and
cross-body adduction against resistance. There is no
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vertical instability. MRI confirms the diagnosis of type II
AC separation with tearing of the AC ligaments and
intact coracoacromial (CA) ligaments with no rotator
cuff tear.

The patient receives an interscalene nerve block to
the affected shoulder before surgery. After induction of
general endotracheal anesthesia, the patient is placed in
the beach chair position, and all bony prominences are
well padded. Examination under anesthesia confirms
full passive range of motion of the operative shoulder
with horizontal instability of the AC joint. The upper
extremity is prepped and draped in the usual sterile
fashion, and the patient receives antibiotic prophylaxis
before an incision is made.

A 4-cm longitudinal incision is made on the superior
aspect of the operative shoulder overlying the AC
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Fig 3. Superior view of the acromioclavicular (AC) joint in a
right shoulder, with the patient in the beach chair position.
The gracilis allograft has been passed through drill holes in the
distal clavicle and acromion.



Allograft is secured with
interference screws in
distal clavicle and acromion
) ~—
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Fig 4. Superior view of the acromioclavicular (AC) joint in a
right shoulder, with the patient in the beach chair position.
After reducing the AC joint, the allograft is secured with 2
interference screws, 1 in the distal clavicle and 1 in the
acromion.

joint, and dissection is taken sharply down to the level
of the fascia. Full-thickness skin flaps are raised both
anterior and posterior to the clavicle and AC joint. The
AC joint capsule is sharply incised in line with the
clavicle to gain access to the AC joint. Visualization of
the AC joint shows attenuation of the AC ligaments
and disruption of the deep fibers on the distal clavicle,
further confirming horizontal instability of the AC
joint (Figure 2).

A semitendinosus or gracilis allograft is selected, and a
running locked Krackow suture with #2 Ethibond is
placed in each end of the tendon. The tendon is sized to
determine the thickness of the allograft and diameter of
interference screw for fixation. Typically, PEEK 5.5-mm
interference screws (Arthrex, Naples, FL) are selected.

G. M. ALIBERTI ET AL.

A guidepin is inserted in the center of the distal clavicle
1 cm medial to the distal end, and a second guidepin is
inserted in the acromion 1 cm lateral to the AC joint. A
cannulated reamer is advanced over the guidepin to
drill bicortical holes in the distal clavicle and the acro-
mion. The drill holes are thoroughly irrigated to remove
all bony debris.

The allograft tendon is then passed across the AC
joint in a figure-8 fashion using a Hewson suture
passer (Figure 3). The tail of the graft is placed pos-
terior to the AC joint to reconstruct the posterior AC
capsule. Superior pressure is applied to the elbow, and
simultaneous downward pressure is applied to the
clavicle to reduce the AC joint. While the AC joint is
held, the graft is tensioned and secured by two 5.5 x
8-mm PEEK interference screws (Arthrex), 1 in the

The two limbs of the allograft
are sutured together with
non-absorbable suture

Fig 5. Superior view of the acromioclavicular (AC) joint in a
right shoulder, with the patient in the beach chair position.
The 2 limbs of the allograft are sutured together with
nonabsorbable suture.
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L\ ‘Cdmpletion of the AC ligament

‘ allograft reconstruction

Fig 6. Superior view of the acromioclavicular (AC) joint
in a right shoulder, with the patient in the beach chair
position, depicting completion of the AC ligament
allograft reconstruction. The horizontal stability of the AC
joint can be assessed at the completion of the
reconstruction.

distal clavicle and 1 in the acromion (Figure 4). The
graft is then sutured to itself with figure-8 sutures
using #2 Ethibond (Figure 5). The AC joint native
capsule and ligaments are repaired with a figure-8
suture over the top of the allograft reconstruction.
Sutures are passed through the native AC joint
capsule and through the allograft tendon, which
provides excellent fixation of the allograft ligament
and restores horizontal stability of the AC joint
(Figures 6 through 8). The wound is irrigated, and the
skin is closed in a layered fashion.

Postoperatively, the upper extremity is maintained in
an abduction pillow sling for 6 weeks. At the first
postoperative visit, passive range of motion is initiated
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with forward elevation to 90° and external rotation to
neutral. The patient begins scapular retraction exercises
and posture training. Scapular retraction helps to
reduce the AC joint. Cross-body adduction is avoided
for the first 6 weeks. Active range of motion is initiated
at 6 weeks, with progression to strengthening at 10 to
12 weeks.

Discussion

There is currently no consensus for the best surgical
procedure to treat horizontal instability of the AC
joint, and many of the described procedures for AC
joint reconstruction focus on treating vertical insta-
bility rather than horizontal instability.'*'* The au-
thors present a surgical technique for AC ligament
reconstruction with a semitendinosus allograft with
primary repair of the AC joint capsule for a type Il AC
joint separation with horizontal instability. The main

The native AC joint capsule is closed
over top the reconstructed ligaments

Fig 7. Superior view of the acromioclavicular (AC) joint in a
right shoulder, with the patient in the beach chair position.
The native AC joint capsule is closed over the top of the
reconstructed ligaments.
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AC joint capsule and fascia
closed over reconstructed
ligaments, completing the

stabilization

Fig 8. Superior view of the acromioclavicular (AC) joint in a
right shoulder, with the patient in the beach chair position. The
AC joint capsule and fascia have been closed over the recon-
structed ligaments, completing the stabilization. The wound is
thoroughly irrigated, closed, and dressed, and the patientis placed
into an abduction pillow sling at the completion of the case.

advantage of our technique is the restoration of
horizontal stability of the AC joint. Grade II AC sep-
arations are typically managed conservatively (e.g.

Table 2. Pearls and Pitfalls

G. M. ALIBERTI ET AL.

nonsteroidal anti-inflammatory drugs, immobiliza-
tion, physical therapy), but several studies have re-
ported poor long-term outcomes in terms of pain and
disability.">'” In 2003, Mouhsine et al.'” evaluated
33 patients with grade I and II AC separations treated
by conservative measures, including ice application,
analgesics, and immobilization. The authors reported
27% of patients (9 of 33; 7 grade II and 2 grade I)
failing conservative treatment and requiring subse-
quent surgery an average of 26 months after injury."”
The patients with grade II injuries were also found to
have increased anterior-to-posterior (AP) laxity,
suggesting residual horizontal instability of the AC
joint."” An overview of pearls and pitfalls as well as
advantages and disadvantages of our technique are
presented in Tables 2 and 3, respectively.

Surgical procedures that treat horizontal instability
of the AC joint have shown improved patient out-
comes.' >'#*?1 A recent study by Saier et al.'” eval-
uated whether isolated anatomic CC ligament
reconstruction with 2 button devices provided equal
horizontal stability compared with CC reconstruction
with additional AC joint suture tape cerclage. After
5000 cycles of dynamic anteroposterior directed
loading, only combined AC and CC reconstruction
adequately achieved horizontal stability of the AC
joint, highlighting the importance of reconstructing
the AC ligament as well as the CC ligaments in pa-
tients with AC separations.'” In 2014, Beitzel et al.””
performed a cadaveric study to evaluate and directly
compare the biomechanical performance of previ-
ously published AC ligament reconstruction tech-
niques with anatomic CC reconstructions. The
authors found that reconstruction of the AC ligament
by direct wrapping and suturing of the graft around
the AC joint was the most stable method, showing
anterior rotation comparable with the native joint,
whereas the transacromial technique in which a graft
was passed over the acromion and into an acromial
tunnel showed the most translation and rotation. The
authors emphasized the importance of including AC
ligaments as part of an anatomic reconstruction of
the AC joint to better restore control of clavicle
translation and rotation.””

Pearls

Pitfalls

Completely release the AC joint capsule to ensure anatomic
reduction is achievable.

Distal clavicle resection can be performed in the setting of AC joint
arthritis or distal clavicle osteophytes.

Push up on the arm to aid in AC joint reduction during graft
tensioning and graft fixation.

Repair the native AC joint capsule to the allograft during closure.

Keep drill holes centered in the clavicle and acromion to prevent
fractures and avoid stress risers.

Use caution while drilling holes with the reamers to avoid damage to
underlying rotator cuff and neurovascular structures.

Place a Cobb elevator under the guide wire before reaming tunnels
to prevent plunging or overdrilling.

Whipstitch the allograft tendon with a running, locked Krackow
suture to prevent graft damage by the interference screw.

Abbreviations: AC, acromioclavicular.
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Table 3. Advantages and Disadvantages

Advantages

e Restoration of horizontal stability of the AC joint is important to
improve patient outcomes and joint function.

e Use of an open technique allows for direct visualization of the AC
joint, confirming horizontal instability (e.g. attenuation of the AC
ligaments, disruption of the deep fibers on the distal clavicle).

e Use of an allograft may provide improved biomechanical properties
and a potential permanent biologic reconstruction.

Disadvantages

e There is no gold standard for surgical management of isolated
reconstruction of the AC ligament to treat horizontal instability of
the AC joint.

e There is no significant difference between an open vs arthroscopic
approach overall in terms of loss of reduction, complication rate, or
revision rate, but there may be an increased risk of clavicle fracture
in open techniques.

e Tendon allografts, compared with synthetic ligament grafts, may
have increased rates of clavicle fractures.

Abbreviations: AC, acromioclavicular.

Another beneficial feature of our technique includes
the use of an allograft. Lee et al.?” investigated the
strength of repair with tendon graft reconstruction
(semitendinosus, gracilis, extensor hallucis longus) of
the CC ligaments compared with the intact CC liga-
ment complex and CA ligament transfer in a
controlled laboratory study of 11 fresh-frozen human
cadaver shoulders. The authors found that tendon
graft reconstruction may provide improved biome-
chanical properties and a potential permanent biologic
reconstruction, with an ultimate failure load equiva-
lent to that of the native CC ligaments.23 In 2018,
Moatshe et al.”* performed a systematic review to
evaluate clinical and radiographic outcomes after
surgical treatment for AC joint instability. The authors
found that all techniques for surgical treatment of AC
joint instability (i.e. free tendon graft, suspensory
devices, synthetic ligament devices, and modified
Weaver-Dunn, and hook plate/Kirschner wire tech-
niques) improved patient outcomes and had relatively
low reoperation rates (0.9% to 5.4%). The use of a
free tendon graft was found to have an unplanned
reoperation rate of 1.2%; however, these data were
specific to isolated CC ligament reconstruction.””

It is important to consider some disadvantages or
limitations. A recent systematic review and meta-
analysis”” comparing open versus arthroscopic AC joint
reconstruction demonstrated that there were no
significant differences in outcomes after either
approach, suggesting no superiority in the use of an
open technique. Another recent systematic review and
meta-analysis”® showed no significant differences in
loss of reduction, complication rate, or revision rate for
open versus arthroscopic AC joint reconstruction tech-
niques; however, open procedures had significantly
(P = .48) more clavicle fractures than arthroscopic re-
pairs, and there was a significantly (P = .024) greater
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clavicle fracture rate with the use of tendon grafts
compared with synthetic ligament grafts.

There is a paucity of literature on isolated recon-
struction of the AC ligament to treat horizontal insta-
bility of the AC joint, and thus there is no gold standard
for surgical management of such injuries. Our surgical
technique for reconstruction of the AC ligament leads
to excellent restoration of horizontal stability of the AC
joint.
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