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ARTICLE INFO Background: Management of acromioclavicular joint (AC]) injuries have wide variety of classification

systems, surgical indications and operative techniques. Our study describes the Queensland Unit for
Keywords: Advanced Shoulder Research (QUASR) 3-Tunnel Technique with Ligament Augmentation and Recon-
Acromioclavicular joint struction System (LARS; Surgical Implants and Devices, Arc sur Tille, France) artificial ligament to
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reconstruct the superior shoulder suspensory complex in acute, chronic, and revision ACJ dislocations
and lateral clavicle fractures.
Methods: Our prospective cohort series of patients undergoing the QUASR 3-Tunnel Technique using
LARS artificial ligament. This technique reconstructs the superior shoulder suspensory complex using 2
4-mm clavicle tunnels, 1 acromion tunnel, and is arthroscopically assisted to pass the artificial ligament
Level of evidence: Level IV; Case Series: under the coracoid. The ligament is secured with braided composite sutures and no interference screw is
Treatment Study used. Preoperative and postoperative functional outcome scores were compared in patients with mini-
mum 12-months follow-up.
Results: Of 26 patients in this series, 7 (27%) were operated within 4 weeks of injury, 2 (8%) were
revision cases, and 6 (23%) were lateral clavicle fractures. Mean time to surgery was 14 weeks (2-650).
Mean postoperative scores with associated 95% confidence interval were Specific Acromioclavicular
Score 87.38 (confidence interval 75.38-99.37), American Shoulder and Elbow Surgeons score 94.60
(87.85-101.35), Constant 79.47 (71.87-87.07), simple shoulder test 85.44 (72.34-98.54) and visual analog
score 0.50 (—0.15 to 1.15). There were 2 infections and 1 atraumatic loss of reduction; however, there
were no tunnel fractures.
Conclusion: The QUASR 3-Tunnel Technique with LARS artificial ligament is a safe and efficient tech-
nique for both acute and chronic AC] reconstruction, lateral clavicle fractures with coracoclavicular lig-
ament disruption and complex revision cases with favorable outcomes at the mid-term follow-up.

© 2024 The Authors. 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/).

Management of acromioclavicular joint (AC]) injuries is
controversial, with a wide variety of classification systems, surgical
indications, and operative techniques. There is little evidence sug-

The Ramsay Health Care QLD Human Research Ethics Committee approved this gesting superiority of one described anatomic technique over
study—Protocol 19/11. ) ) another. Injury incidence among the young athletic population is
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each case should be individually assessed, the consensus among
shoulder surgeons suggests that surgery should be considered for
cases of complete coracoclavicular (CC) ligament disruptions, and
some cases of partial disruptions with combined vertical and hor-
izontal instability.*!#20:23.26.32

The AC] contributes to the superior shoulder suspensory com-
plex (SSSC), a complex ring structure divided into 3 parts; (i) the
clavicular—CC ligamentous—coracoid link, (ii) the clav-
icular—AC]—acromial (Acr) strut, and (iii) the scapular body junc-
tion. High-grade AC]J injuries occur within parts (i) and (ii) causing
vertical and horizontal instability, respectively. It should therefore
be a principle of surgical management to anatomically reconstruct
these 2 deficient complexes.”*

Despite this principal, nonanatomic reconstruction is widely
utilized, aiming to restore vertical instability by reconstructing the
CC ligaments. Satisfactory results have been reported; however,
failing to address horizontal instability may lead to residual insta-
bility symptoms, failure of ACJ reconstruction and subsequent poor
clinical outcomes."?>?> Hook plates restore both vertical and hor-
izontal instability and are still used by many. They have, however,
fallen out of general use as newer techniques negate the risk of cuff
impingement, Acr fracture, and the need for implant removal
which could delay a return to work or sport.>*® In reconstruction
cases, elongation of tendon grafts can occur and may cause loss of
reduction.>!’

The Ligament Augmentation and Reconstruction System (LARS;
Surgical Implants and Devices, Arc sur Tille, France) is a synthetic
ligament that has been used previously to nonanatomically
reconstruct the CC ligament complex with favorable outcomes.'??*
The traditional LARS technique involved the use of 2 interference
screws in bony clavicular tunnels.'® This has been associated with
clavicular fractures through the tunnels, due to the high tensile
stresses through the construct and stress risers at the screw
interface.'® In our new Queensland Unit for Advanced Shoulder
Research (QUASR) 3-Tunnel Technique with LARS artificial liga-
ment, we reconstruct part (i) and (ii) of the SSSC without the use of
transtunnel interference screws and address both horizontal and
vertical instability. This technique is versatile and can be used for
reconstruction of acute and chronic cases of AC] dislocation, lateral
clavicle fractures and complex revision scenarios. In this prospec-
tive cohort study, the surgical technique is described with clinical,
radiological, and functional outcomes in patients who have had
injured parts (i) and (ii) of the SSSC.

Materials and methods

From July 2016 to October 2022, consecutive patients with in-
juries to (i) the clavicular—CC ligamentous—coracoid link and (ii)
the clavicular—ACJ—Acr strut, of the SSSC who underwent the
QUASR 3-Tunnel Technique with LARS artificial ligament were
enrolled prospectively. The specific injuries include acute (within 4
weeks), chronic (greater than 4 weeks) AC] dislocations, lateral
clavicular fractures with associated CC ligament disruption, and
revision cases following failed reconstruction. The local institu-
tional board (Greenslopes Research and Ethics Committee, Protocol
19/11) approved the prospective cohort study and appropriate pa-
tient consent was obtained. Patients were assessed and graded on
preoperative radiographs and cross-sectional imaging. All proced-
ures were performed by a single subspecialist shoulder surgeon
(AG). Patient-reported outcomes were evaluated using 6 validated
scores: American Shoulder and Elbow Surgeons score, Constant
Score, University of California Los Angles Shoulder score, visual
analog score—pain, simple shoulder test (SST) and Specific Acro-
mioclavicular Score preoperatively, at 6 and 12 months, 2 years, 3
years, 4 years, and 5 years. Bilateral strength testing was performed
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using a digital dynamometer (Commander Echo MMT; ] Tech,
Chester Springs, PA, USA) and involved the mean strength (kg) of
lateral elevation. Patients were assessed radiologically with a
routine anterior-posterior radiograph of the clavicle post-
operatively in which CC distance were measured.

Surgical technique

All patients undergo a standardized surgical technique that in-
cludes an awake interscalene block, general anesthetic, and beach
chair positioning. Surgical technique is performed in a stepwise
manner with portals defined by Lafosse (Fig. 1 A and B).%’

Step 1—arthroscopic coracoid dissection

Diagnostic arthroscopy is performed from the posterior ‘A’
viewing portal to screen for intra-articular pathology and the ro-
tator interval is opened using the E working portal. Intra-articular
pathology ie, superior labrum anterior and posterior tears, cuff
tears and labral injuries are addressed. The coracoid is then visu-
alized over its lateral aspect and dissected laterally and superiorly
working from the D portal. Using a percutaneous needle, the I
portal is then created 3-cm inferior to the coracoid. The camera is
switched to the D viewing portal and the I portal is used as the
working portal to clear the medial coracoid soft tissue. The coracoid
can now be viewed in its entirety over the lateral, superior, and its
medial surface. The M portal is made 5-cm inferior to the clavicle in
line with the anteroposterior axis of the glenoid while looking
lateral to the pec minor ensuring a safe distance from the plexus
and axillary artery. Partial release of the pec minor from this portal
may be needed to safely pass the graft and ensure the brachial
plexus is protected. Lastly, the H portal is created superiorly and
adjacent to the anterior border of the clavicle and marked with a
needle. The portal is opened with blunt artery forceps to avoid
injury to the superficial tributaries of the cephalic vein. Care is
taken to identify the brachial plexus which is in very close prox-
imity to the medial border of the coracoid. Medial 1 cm of the
pectoralis minor insertion is released for safe passage of the graft
and to avoid injury to the plexus.

Step 2—pass LARS ligament under coracoid

Using a combination of suture graspers and retrievers, the LARS
ligament is passed under the coracoid. Firstly, one end is introduced
through the H portal on the under surface of the lateral coracoid
anterior to the subscapularis and posterior to the conjoint tendon.
Secondly, from the M portal, the ligament is guided under the
coracoid and placed proximal to the pec minor tendon. Care is
taken to protect the brachial plexus. Lastly, from the H portal the
ligament is retrieved and pulled out of the portal to form a loop of
ligament around the coracoid (Fig. 2). Arthroscopic instruments are
now removed, and an open approach is performed.

Step 3—preparation of the ACJ] and excision

Following the central axis of the clavicle a transverse incision is
made 5-cm medial to the AC] extending to the anterolateral edge of
the acromion (Fig. 3A). Deep dissection is continued down to the
clavicle across the AC] and to the lateral edge of the acromion
elevating in a single layer full thickness flaps of the deltoid and
trapezius muscles. The dislocated ACJ can now be visualized, noting
that the clavicle rests superior and posterior to the acromion. The
articular disc and 5-mm of lateral clavicle are excised to complete
the exposure.

Step 4—divergent clavicular tunnels
A Cobbs elevator is placed 4 cm from lateral to medial through
the ACJ] under the clavicle to protect underlying structures while
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Figure 1 (a) and (b): Portals used for arthroscopic passage of LARS around coracoid. A: Posterior; C: Lateral; D: Anterior-Lateral; I: Inferior; H: Superior; M: Medial. LARS, Ligament

Augmentation and Reconstruction System.

Figure 2 Arthroscopic view depicting position of LARS around coracoid. LARS, Liga-
ment Augmentation and Reconstruction System.

drilling the clavicular tunnels. Four-mm medial and lateral
clavicular tunnels (CMed and CLat) are drilled in a divergent
fashion from the superior clavicle surface to reconstruct the iso-
metric points of the CC ligaments and prevent stress risers within
the clavicle (Fig. 3B). The CMed entry point is posterior on the
clavicle 4 cm from the lateral border with the tunnel directed
anterior and lateral. The CLat entry point is anterior on the clavicle
2 cm from the lateral border and the tunnel directed posterior and
medial. Using a nitinol wire suture passer, the LARS ligament is
shuttled through the under surface of the clavicle ensuring that
the graft is crisscrossed over the coracoid (Fig. 3C). Thus, the
medial limb of the graft is brought laterally through the CLat
tunnel and the lateral limb of the graft is brought medially
through the CMed tunnel.

Step 5—acromioclavicular tunnel

To reconstruct the AC ligament, 1 3.5-mm Acr tunnel is drilled
from an entry point on the anterolateral tip of the acromion
directed to the posteromedial border of the ACJ. The thickness of
the acromion is on average 12 to 14 mm; therefore, care is taken to
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only perform one pass of the drill to prevent fracture. The antero-
lateral limb of the LARS ligament from the CLat tunnel is shuttled
from posterior to anterior through the Acr tunnel using the nitinol
wire (Fig. 3C).

Step 6—reduction of the AC joint

The ACJ is reduced by axially pushing the arm up and applying a
superiorly and anteriorly directed force with Cobb’s elevator. A 2-
mm K-wire is inserted lateral to medial transfixating the ACJ in
its reduced position (Fig. 3D).

Step 7—secure the graft

The ligament ends are crisscrossed over the top of the clavicle
under tension and repaired with a 2-0 FiberWire (Arthrex, Naples,
FL, USA) nonabsorbable composite braided suture (Fig. 3E). The
acromial limb end is sutured to the CMed ligament and the CMed
ligament end it sutured to the CLat ligament. Additionally, the 2
limbs of the ligament are reattached in a side-to-side repair under
maximal tension with locked sutures. This creates a fixation which
is spanned across the whole construct to prevent any focal areas of
excessive strain.

Step 8—closure

At the end of the procedure, the K-wire is removed and the
maintenance of AC] reduction is visually checked. The A(] is
inspected to ensure rotation and translation is possible at the joint
to avoid postoperative pain and restore normal AC] kinematics.
Care is taken not to over-reduce the clavicle (often employed in
biologic fixation) as the LARS construct has no elasticity and over-
reduction may result in reduced forward elevation postoperatively.

The delto-trapezial fascia is tightened and double-breasted to
compensate for the capsule redundancy which is created by the
injury. This is a critical step in the technique and care should be
employed to ensure a tight repair is achieved using nonabsorbable
sutures. This further reinforces the SSSC reconstruction (Fig. 3 Fand
G). Subcuticular skin closure is performed with 3.0 Monocryl
(Ethicon, Raritan, NJ, USA) absorbable poliglecaprone-25 suture.

Postoperative protocol

The patient is immobilized in a standard shoulder sling with
abduction pillow for 6 weeks. Active internal and external rotation
exercises and standard passive and active-assisted elevation are
commenced on day 1. The patient must refrain from driving and
avoid loading of the shoulder joint for 6 weeks. Open chain exer-
cises are commenced at week 6; however, patients are counseled
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Figure 3 Schematic diagram depicting steps of 3-tunnel technique. (A) Five-cm incision made centered over ACJ; (B) tunnel position 4 cm from ACJ] and drilling of the clavicle
tunnels; (C) passage of LARS ligament through tunnels; (D) reduced ACJ] with preliminary K-wire fixation; (E) interrupted Fiberwire sutures; (F) delto-trapezial fascia double-
breasted repair and G-Skin closure. LARS, Ligament Augmentation and Reconstruction System; A(J, acromioclavicular joint.

34



H. Ingoe, J. Maharaj, N. Singh et al.

Table I
Demographic characteristics of the study cohort.
Age at time of surgery, median; range (yrs) 45; 15-69
Gender
Male, N (%) 23 (88%)
Female, N (%) 3(12%)
Dominant side affected
Yes, N (%) 15 (58%)
No, N (%) 11 (42%)
Injury type

Rockwood type III, N (%) 7(
Rockwood type IV, N (%) 3¢(
Rockwood type V, N (%) 10 (38%)
Clavicle fracture with CC disruption 6 (

Duration from injury to surgery in d median; (range); 102; (2-4553);
mean + standard deviation 656 + 1247
Acute within 4 wk, N (%) 7 (27%)
Chronic after 4 wk, N (%) 19 (73%)

Mode of injury
Cycling, N (%) 8 (31%)
Contact sport, N (%) 7 (27%)
Motor vehicle accident, N (%) 5(19%)
Fall, N (%) 4 (15%)
Surfing/Snowboarding, N (%) 2 (8%)

against strenuous shoulder activity such as weightlifting for a
period of 4 months. The aim of reducing force over the construct is
to allow satisfactory scar tissue to form within the complex.

Statistical analysis

Demographic data for all patients are reported and patients with
12 month or more follow-up are included in an analysis of post-
operative outcomes. Continuous variables are presented as a
mean + standard deviation and 95% confidence interval, and cat-
egorical variables are presented as frequencies and percentages.
Data are presented as box plots comparing preoperative, post-
operative and contralateral normal shoulder for patient reported
outcome scores, range of motion and lateral elevation strength.
Statistical tests were performed using SPSS version 26 (IBM Corp.,
Armonk, NY, USA).

Results

The QUASR 3-Tunnel Technique with LARS ligament was utilized
in 26 consecutive patients. Patient and injury characteristics are
presented in Table I. Seven (27%) of patients were operated acutely
within 4 weeks of injury. The remaining presented following trial of
conservative management and several patients were more than 10
years post injury who had good function until presenting with
recent symptoms. All patients were active and were either
participating in sporting and recreational activities that put de-
mands on their shoulder or were manual laborers before injury. The
LARS artificial ligament was used in several complex and revision
cases that are presented in Table II.

The average follow-up of patients in this cohort was 23 months
(range 6-65). Four patients were lost to follow-up after 6 weeks, 6
patients have not reached 12 months follow-up, and 16 patients
who had 12 months or more follow-up were included in the sta-
tistical analysis. All functional outcome scores and range of motion
improved at the final follow-up and were similar to the normal
uninjured contralateral shoulder (Table III, Figs. 4 and 5). Physical
examination at the latest follow-up revealed vertical and horizontal
stability during full range of passive and active shoulder range of
movement.

Average postoperative CC distance at last radiographic follow-
up was on average 10.9 mm (range 4.8 mm-15.8 mm) in 13
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patients. The other 3 patients had standard shoulder X-ray exam-
ination which did not show evidence of loss of reduction; however,
accurate CC distance could not be measured. No tunnel widening,
osteolysis, or additional fracture was identified at the last radio-
logical follow-up.

Sixteen patients had associated intra-articular pathology iden-
tified on arthroscopic examination during primary surgery
including labral tears (n = 7), partial cuff tears (n = 3), full cuff tears
(n = 3), synovitis with capsular contraction (n = 7), and biceps
pathology (n = 3). Of these patients, 1 had a sub pec tenodesis for
chronic biceps rupture and a capsular release, a second had a full
thickness supraspinatus repair and biceps tenodesis, a third patient
had a subscapularis repair. The fourth had postsurgical arthrolysis
in addition to their revision from failed dog bone suspensory fix-
ation to LARS ligament. The fifth patient had a concurrent labral
repair, supraspinatus, and infraspinatus cuff repair plus biceps
tenodesis, paraglenoid cyst decompression and suprascapular
nerve decompression.

Six complications were noted in the cohort of 26 patients, these
are detailed in Tables I and IV.

Discussion

The LARS ligament is designed to be stronger and stiffer than
the native ligament, resulting in a high resistance to flexion,
traction, torsion and stretching. On a microstructural level, the
polyethylene terephthalate woven mesh has in vivo cellular and
connective tissue ingrowth properties acting as a scaffold for
fibroblastic activity.?®>! Using synthetic graft has other advan-
tages including the avoidance of donor side morbidity in autolo-
gous tendon harvest and the possible biocompatibility issues
associated with allograft.'42%

The QUASR 3-Tunnel Technique with LARS ligament is an
anatomic technique which restores the entire SSSC. Anatomic
reconstruction of AC] has demonstrated superior outcomes than
other nonanatomic techniques in several studies conferring that
horizontal stability is important and should be addressed as part of
any reconstruction.">!" Failures of nonanatomic LARS ligament
reconstructions have been unacceptably high in some series sec-
ondary to coracoid fractures, intrasubstance tear at the level of the
coracoid, and interference screw failures.'®?*?43% The QUASR 3-
Tunnel Technique with LARS artificial ligament has the following
advantages: (i) the technique negates the use of interference screws
and coracoid drilling, which are a potential point of weakness in the
construct leading to fracture. The avoidance of screw fixation de-
vices in any of the tunnels avoids the fixation-related fractures and
implant-related complications including screw pull out, repeat
surgery for removal of implants, and implant migration and
failure.>'"141521 (i) The drilling of small 4-mm diameter divergent
clavicular tunnels positioned 20-mm apart is thought to reduce the
risk of fracture.'” Huang et al suggests that tunnels of 5 mm or less
and at least 20-mm apart reduce the risk of fracture, supporting this
theory.!” There were no clavicular, acromial, or coracoid fractures
associated with the drill holes in our cohort. (iii) Securing the LARS
ligament to itself and additionally in a side-to-side to fashion shares
the load within the construct. Failure of the whole construct would
require failure at multiple fixation points, creating some allowance
for suture failure without loss of reduction. (iv) The LARS ligament
is stiff, therefore loss of reduction by creep relaxation is unlikely.>'
(v) Arthroscopic assisted reconstruction provides better visibility of
the passage and positioning of the LARS ligament around the
coracoid, ensuring the surrounding neurovascular structures are
visualized and protected. Arthroscopic assessment also allows
intra-articular pathologies that are present in 20%-25% of cases to
be addressed concurrently.>? (vi) The technique can be used in both
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Injury

Previous surgery

Surgery

Complication

Segmental clavicle fracture and chronic ACJ dislocation
A(]J dislocation

Lateral clavicle fracture nonunion and instability

A(] dislocation with irreparable cuff tear

Lateral clavicle fracture nonunion and instability

1. Dog bone

Open reduction internal fixation
plus LARS ligament reconstruction
LARS ligament reconstruction

2. Hamstring autograft

1. Dog bone

2. Lateral clavicle resection

LARS ligament reconstruction,
transacromial plate fixation, sub

pec tenodesis and arthrolysis
LARS ligament reconstruction and
reverse shoulder arthroplasty

LARS ligament reconstruction with

Postsurgical stiffness requiring
arthrolysis

Asymptomatic clavicle nonunion

bone graft instability resolved
A(, acromioclavicular joint; LARS, Ligament Augmentation and Reconstruction System.
Table III
Comparison between preoperative and postoperative outcome scores.
Preoperative Postoperative
n Mean (SD) 95% CI n Mean (SD) 95% CI
VAS 11 2.73(0.76) 1.03-4.43 16 0.50 (0.30) -0.15to 1.15
Constant 8 53.00 (7.36) 35.59-70.41 15 79.47 (3.34) 71.87-87.07
SST 11 25.09 (6.25) 11.17-39.01 16 85.44 (6.15) 72.34-98.54
ASES 10 50.30 (6.99) 34.48-66.12 15 94.60 (3.15) 87.85-101.35
UCLA 6 19.38 (2.63) 13.17-25.58 16 26.44 (0.53) 25.30-27.57
SACS 7 27.07 (4.63) 15.75-38.39 12 87.38 (5.45) 75.38-99.37
Range of motion
FF 9 114.44 (17.96) 73.03-155.86 16 171.56 (4.99) 160.92-182.21
LE 8 121.25 (15.29) 85.10-157.40 16 168.44 (6.08) 155.47-181.41
ER1 10 47.00 (8.03) 28.82-65.18 16 65.63 (4.76) 55.47-75.78
IR2 10 52.00 (8.27) 33.28-70.72 16 69.06 (2.89) 62.89-75.23
LE strength 9 4.43 (0.96) 2.21-6.65 16 5.07 (0.40) 4.22-5.92

VAS, visual analog score; SST, simple shoulder test; ASES, American Shoulder and Elbow Surgeons score; SACS, Specific Acromioclavicular Score; UCLA, University of California
Los Angles Shoulder score; ER1, external rotation position 1; IR2, internal rotation position 2; CI, confidence interval; FF, forward flexion; LE, lateral elevation.
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Figure 5 Preoperative, postoperative, and contralateral range of movement. ER1, external rotation position 1; IR2, internal rotation position 2.

acute and chronic cases, in lateral clavicle fractures, and in revision
cases, requiring no additional collective learning curve for surgeon
or scrub team necessitating an alternative procedure based on
injury chronicity.

Our study had a mean postsurgical follow-up of 23 months. At
the final follow-up, there was improvement in all outcome mea-
sures, range of motion and lateral elevation strength compared to
the presurgery level and the contralateral limb in both acute and
chronic cases. It is recognized that some of our reported outcome
measures may not pick up the nuisances of ACJ pathology as they
are directed to the specifics of the glenohumeral joint. Indeed, the
Specific Acromioclavicular score did show improvement. While our
results are comparable with other techniques, due to the com-
plexities of case series reporting, it is difficult to make direct
comparisons. The need for a core outcome set for AC] and lateral
clavicle fractures has already been highlighted.?®

Whether synthetic grafts should be used in chronic cases is a
matter of debate with no conclusive proof from evidence to date.
Many studies have shown favorable results with the use of LARS
ligament for both acute and chronic cases. Giannotti et al'® in their
study on 17 patients that included 80% acute and 20% chronic cases,
reported excellent outcomes assessed by the Constant Score and
SST with all patients returning to preinjury level activities. Motta
et al’! also report excellent outcomes with the use of LARS ligament
irrespective of chronicity of the dislocation. At a median follow-up
of 5 years (range 2-9 years), they report a mean Constant Score of
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97 and 91, and SST score of 11 and 10 for acute and chronic cases
respectively. Recently a study by Ochen et al,®> reported good
functional outcome for both acute and chronic dislocations using
LARS ligament at a median follow-up of 23 months. They did not
find any significant difference in outcome measures based on
chronicity of dislocation.

In our series, 3 patients had resubluxation; 1 secondary to
infection and removal of ligament, 1 secondary to early high-
energy trauma, and 1 due to atraumatic LARS ligament rupture
at 6 months The explanations for this are manifold and it cannot
be solely attributed to our technique; however, transfixation of
the AC] with a 2-mm k wire may have penetrated the graft thereby
weakening it. We have modified our technique by cycling the
ligament following k wire fixation to ensure that it is not trans-
fixed. Only 1 of our patients had an atraumatic rupture which is
the commonest mode of failure in cases of LARS ligament recon-
struction described by Ramsingh et al, Fauci et al and Geraci
et al'%1?2% The patients with complications that returned for
follow-up continued to do well and reported acceptable outcomes
at the final follow-up.

Two infections noted in our cohort were both initially treated for
postoperative stiffness, as there were no overt signs of infection. In
the 1 patient who continued follow-up at our institution, 2 samples
were positive for Cutibacterium. Synthetic grafts are recognized to
cause foreign body reactions and the braided nature of such liga-
ments increases the risk of potential infection.® These 2 cases
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Table IV
Complications.
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Complication History

Treatment

Outcome

Infection and LARS Ligament High alcohol intake and 40 cigarettes

rupture perd
Loss of reduction, wound Fall downstairs 2 d post operatively,
dehiscence sustained lateral clavicle fracture

outwith the bone tunnels.

Loss of reduction with LARS
ligament rupture
Infection and loss of reduction

Atraumatic rupture at 6 months

Unknown

Washout removal of LARS ligament.

Did not require revision stabilization

Antibiotic treatment

LARS ligament intact but Fiberwire
sutures were ruptured. Re-tensioned

Uncomplicated clinical course following
revision surgery

and resutured plus supplemental
fixation with all suture anchor across

ACJ

All clavicle tunnels intact. LARS
ligament replaced and re-tensioned
Revised to Dogbone but not within our
institution

Uncomplicated clinical course following
revision surgery

No further information on the clinical
course of this patient

LARS, Ligament Augmentation and Reconstruction System; ACJ, acromioclavicular joint.

occurred early in the series; since the routine introduction of
Vancomycin powder placed in the wound before closure, no further
infections have been noted.

Limitations

A limitation to our study is the small size of our cohort with
more than 12 months follow-up. Follow-up was attempted in all
patients up to 5 years; however, due to the transitory nature of the
young and working population, with few ongoing issues requiring a
review after the early postoperative period, and the COVID
pandemic, face-to-face clinical follow-up was challenging. Stan-
dardized preoperative and postoperative X-rays and contralateral
imaging was inconsistent as X-rays were taken by multiple radi-
ology providers, reducing the numbers of patients eligible to
measure and compare CC distance. Due to small sample sizes sta-
tistical comparisons could not be performed.

Conclusion

The QUASR 3-Tunnel Technique with LARS artificial ligament is a
safe and efficient technique for both acute and chronic AC] re-
constructions, lateral clavicle fractures with CC disruption and
complex revision cases, with favorable outcomes at the mid-term
follow-up.
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