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REPAIR OF FRESH INJURIES TO THE ACROMIOCLAVICULAR JOINT
BY DOUBLE-BINDLE RECONSTRUCTION
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Dislocation of the lateral end of the clavicle (LEC) constitutes over 26% of all dislocations, 11% of sports injuries and over 10%
of acute injuries to the shoulder girdle, ranking 3rd after elbow and wrist joints dislocations. The majority of surgical techniques
used to repair fresh injuries to the acromioclavicular joint (ACJ) do not account for its anatomy and biomechanics, resulting in
postoperative instability of the joint in both vertical and horizontal planes. The aim of this study was to propose a highly effective
technique for the surgical treatment of acute injuries to ACJ ensuring a better recovery of its function. Below we present the
results of 112 patients who underwent minimally invasive acromioclavicular joint reconstruction. The outcome was very good
in 111 patients (99.1%). The proposed technique helps to avoid damage to the biomechanics of the joint and to fully restore
its anatomy within short time.
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BOCCTAHOBJIEHVUE HEOABHO MOJTYYEHHbIX MOBPEXXOEHUI
AKPOMUAJIbHO-KTFOYNYHOIO COMNTIEHEHNSA METO4OM
ONHAMUYECKOW ABYXNYYKOBOW PEKOHCTPYKLUU

K. A. ErvasapsH’, I. [. Nagnweunu’, A. T. PaTtbes’, 3. P. LLlykiop-3ane’ &

' Kadeppa Tpasmartonornm, opToneammn n BOEHHO-NONEBOM XMpypriu,

Poccuiicknin HaumoHanbHbIN NCCNenoBaTeNbCKU MEOVLIMHCKNI YHUBEPCUTET UMeHn H. . Muporosa
BbiBuxn akpomMmanbHoro koHua koumupsl (AKK) coctaenstoT 6onee 26% Bcex BbiBUXOB, 11% Bcex cnyydaeB CMOPTUBHbBIX
Tpasm, 6onee 10% BCex CnyyaeB OCTPbIX TPaBM MIEHEBOr0 MNOSACa, 3aHNMast TPETbE MECTO MOCIE BbIBMXOB B JIOKTEBOM U
Ny4e3ansCcTHOM CycTaBax. BofbLUMHCTBO TEXHNK OMEpPaTUBHOMO NeHeHNst HEAABHO MOMYHEHHbIX (CBEXIIX) MOBPEXAEHNI aKpO-
MUNANBHO-KITIOUMYHOTO couneHerns (AKC) He yqmTbIBatOT aHaTOMMIO 1 BUOMEXaHNKY COYNEHEHVIS, B CBS3M C YeM B Mocneone-
PaLVIOHHOM Mepuofe Y NaumeHTOB COXPaHSAETCA OAMH 13 BO3MOXKHbBIX B 3TOM COYNIEHEHWUV BUOOB HECTabWIbHOCTU (ropu-
30HTasNbHas UM BEpTUKalbHas HeCTabnnbHOCTB). Lienbio Hallero nccnenoBaHvs Obi1o padpaboTaTsb BbICOKOIMMEKTUBHYIO
METOAMKY OMepaTvBHOMO NIEHEHVS HeLaBHO MOJTyHEHHbBIX MOBPEXAEHNI, MO3BOMSOLLYIO BOCCTaHOBUTL (hyHKUMIO AKC B paH-
HMe CpPOoKU. [pencTaBneHbl pesynsraTbl ONepaTUBHOIO NEYEHVS METOLOM ManoVHBAa3NBHOW ANHAMUHECKOW PEKOHCTRYKLIN
AKC y 112 naumenToB co ceexumn BbiBuxamm AKK. B 111 (99,1%) cnyyasax nonyyeH xopoLumin peadynsraT. Vcnons3osanve
NPeaoXKEHHOro MeTOAA MO3BOMIAET He HapyLLAaTb OMIOMEXaHNKY COHIIEHEHNS, MOMHOCTLIO BOCCTAHOBUTL aHATOMUIO U B KpaT-
YanLLme CPOKM MOMYYUTL XOPOLLINM (PYHKLMOHANBHBIA Pe3ynsTarT.
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Over 26% of all dislocations are those of the lateral end of the
clavicle (LEC) [1]. LEC is especially important in the world of
sports, since the overwhelming majority of patients with such
a dislocation are sportsmen, amateurs and professionals, aged
from 25 to 45 years.

Incomplete and late diagnostics is one of the main reasons
behind unsatisfactory outcomes of LEC dislocation treatment.
However, even when the dislocation is found early, it does not
mean there is no discussion as to how to treat it [2]. Treatment
recommendations are often not just conflicting but mutually
exclusive: they range from restorative surgery during acuity
to refusal to do any surgery even when LEC dislocation is a
complete one.

There are over 200 conservative and aggressive (surgery)
approaches to LEC dislocation treatment described in the
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published papers [3]. This diversity results from the anatomy
and biomechanics of ACS, which is a "suspension" of the
upper limb [4]. Surgery also leads to a failure quite often:
practitioners tend to choose outdated techniques, which do
not take biomechanics of the joint into account [5].

Many studies confirm that it is the coracoclavicular ligament
that takes the load born by ACJ [6]. Coracoclavicular ligament
is double bundle; it includes trapezoidal and conical ligaments.
These ligaments are angled relative to each other and form the
unigue biomechanics of ACJ [7, 8]. Based on this, we believe
that restoration of both coracoclavicular ligament's bundles is a
successful LEC dislocation treatment technique.

Recently, there appeared new approaches to LEC dislocation
treatment. These approaches make use of external fixation,
shape memory tighteners, minimally invasive techniques etc.
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However, it is still the surgeon who decides upon the LEC
dislocation treatment method in each case, and often the great
variety of available techniques is not taken into account.

Fixation hardware is a source of serious inconvenience
for patients. Tensioned needles often cause uncontrolled LEC
hypercorrection, which contributes to the relapse of dislocation.
Their use is limited by the complexity of application.

LEC fixation with thread and a wire loop (Weber technique)
often led to a relapse of dislocation. Typical complications
accompanying this technique are migration and deformation of
threads and wire breakage [9].

The hook plate technique, which is widely used nowadays
to keep LEC fixed, is rigid, highly traumatic, and implies
consequent implant removal surgery. The registered LEC
dislocation recurrence rate is high, as are migration and fixator
fracture [10]. Chronic traumatization of acromion caused by
the plate combines with severe pain and restriction of shoulder
movements, which often leads to ACJ arthrosis (18.1%),
subacromial impingement (8.76-37.5%), acromion osteolysis
(2.56-30.3%), ACJ osteoarthritis (18.1%) [11, 12, 13].

LEC fixation with thread is not an optimal technique, either:
cerclage in the coracoid's can lead to an incomplete dislocation
of the clavicle, while its rotation leads to wires cutting through
the bone. Generally, putting wires in means trauma.

Despite the advantages of arthroscopic operations,
many traumatologists still choose long-established clavicle
stabilization techniques over them because they require special
skills and equipment. Arthroscopic approach involves extensive
debridement of the coracoid's lower surface, which can result
in extra damage to the remaining coracoclavicular ligament and
the neurovascular structures found there. On the other hand,
such techniques allow precision in positioning tunnel in the
coracoid.

Currently, anatomical reconstruction of the ACJ ligaments is
the primary target of LEC dislocation treatment [14, 15, 16, 17].

The choice is often made in favor of minimally invasive ACJ
operation techniques [18, 19, 20]; one of the most promising
of them is MINAR, Minimally Invasive Acromioclavicular
Joint Reconstruction [21]. This technique was developed by
professor Wolf Petersen et al at the Martin Luther Hospital in
Berlin. Gear used in MINAR: Flipptack (KARL STORZ GmbH &
Co, Germany) fixators and Ethibond 2.0 (Johnson & Johnson,
USA) cord. The technique involves immobilizing LEC with one
bundle to stabilize and hold the treated distal part of the clavicle
in position, which allows the coracoclavicular ligament to heal
on its own. This technique has been used by medical doctors
practicing at the Department of Traumatology, Orthopedics and
Military Field Surgery of the Russian National Research Medical
University named after N.I. Pirogov since 2009. The results
of treatment of 156 patients were analyzed. 78% of patients
with IV and V type dislocations (Rockwood classification [22])
suffered from persisting horizontal instability, which gave us the

ACJ reconstruction technique. This technique allows complete
reconstruction of ACJ anatomy by replacing both portions of
the coracoclavicular ligament. The goal of this research was
to develop a highly effective surgical treatment method to
address fresh LEC dislocations through minimally invasive ACJ
reconstruction aimed at rapid restoration of the shoulder joint's
function.

PATIENTS AND METHODS

From 2011 to 2017, the minimally invasive dynamic double
bundle ACJ reconstruction technique (patent RU 2017112434
of 19.10.2017) was applied in 112 cases, all of which were
fresh injuries. The patients were treated in Hospitals #1 and
#64 operating under the Russian National Research Medical
University named after N.I. Pirogov. The criteria for inclusion into
this research were as follows: men and women aged 18 to 70
years (Table 1); injury freshness — 3 to 7 days, sports related
and not (Table 2); clinical and radiological diagnosis, injury
class determined by Rockwood classification (1984), which
allows the most reliable assessment of damage to ligamentous
stabilizers and degree of displacement of the clavicle's acromial
end (Figure 1). Exclusion criteria: age under 18 and over 70;
injury freshness over 7 days; other discrepancies with the
inclusion criteria. Ultrasound, MRI, CT and other examination
methods applied in combination allowed realistic pre-surgery
evaluation of the injury and post-surgery assessment of the
healing process (figure 2).

Statistica 10 software enabled statistical analysis of the
research data.

Surgery technique

The technique revolves around fixing clavicle to scapula with
two "fastener — thread" systems; their location and direction
mimic portions of the coracoclavicular ligament (conical and
trapezoidal).

1. Skin incision and surgical access preparation. A
"saber" vertical incision 3 cm long (or less) 2-3 cm from ACJ,

projection — coracoclavicular ligament. The incision line
should cover 2/3 of clavicle and run 1 cm anteriad to the clavicle
towards the apex of the coracoid process.

2. Deltoid muscle splitting with blunt and sharp instruments;
coracoid process palpation in the projection of coracoclavicular
ligament attachment. Important: deltoid muscle dissection
was started at the very edge of the clavicle and along the
muscle fibers. Such an approach simplified further surgical
manipulations. The special canal driling guide (canal in the
coracoid process) was introduced from the lateral side and
under the coracoid process. The design of this guide ensures
protection of neurovascular structures during canal drilling.

The goal is to make the canal at the base of the coracoid

idea to develop a minimally invasive dynamic double bundle process in the projection of coracoclavicular ligaments
Table 1. Patients by sex and age

Age/Sex Male Female Total

Under 18 2 0 2 (1.8%)

19-30 y.0. 58 3 61 (54.5%)

31-40 y.0. 40 2 42 (37.5%)

41-50 y.o. 4 1 5 (4.5%)

51-60 y.o. 1 0 1(0.9%)

61-70y.o. 1 0 1 (0.9%)

TOTAL: 112 112 (100%)
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Table 2. Patients by type and mechanism of injury

Type of injury Injury mechanism Number of patients
direct 19
Domestic
indirect 18
direct 44
Sports
indirect 27
direct 4
Traffic accident
indirect 0
TOTAL: 112

attachment. Topography of the canal defines if there develops
an anteriad subluxation of the clavicle afterwards.

3. A special sleeve was inserted into the guide; this sleeve
guided the needle, diameter of which was 2.4 mm. Cannulated
drill with the diameter of 4.3 mm went along the needle and
made a through canal in the coracoid process.

4. Two dynamic block "fastener — thread" were modeled.
The fasteners used were 4-hole titanium Flipptack, 12 mm long
and 4 mm wide. Titanium alloy (TiAI6V4) is an inert material,
i.e. the surrounding soft tissues do not react to its presence
actively.

Central holes of both fasteners received non-resorbable
woven braided polyester suture (diameter — 1 mm). Block
system modeling implied joining the two fasteners and leading
one end of the thread through their central holes. Next, that
end went through the nearby hole, then again into the same
holes. As a result, the fasteners were interconnected and the
thread ran through the central holes twice, its ends remaining
on one side. The fasteners were then driven 7-8 cm apart,
which resulted in appearance of two loops, one of them closed.
Pulling at the ends of the thread allowed bringing the fasteners
closer to each other; tying the ends resulted in fixation of the
fasteners while keeping the required distance between them.

5. Next, fasteners of each block system were driven into
the drilled canal with a special pusher. 4.3 mm drill was used
to make two through tunnels in the clavicle, projections of lig.
conoideum and lig. trapezoidum attachments. With the help of
a Dechamp's needle the loop was made through the canals;
forceps were used to bring it out of the wound. One of the
outer holes of the upper fastener received a thread, the ends of
which were lead through the exposed loop. By tightening the
ends of the loop the thread that ran through the fastener was
brought outside (upwards) through the the canal in the clavicle.
Subsequent pulls at this thread allowed leading the upper

Fig 1. Patients by types of damage to ACJ
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fastener upwards, through the canal in the clavicle. Thus were
the fasteners brought upwards onto the clavicle. Alternating
tensioning of ends of both block systems' threads enabled
pulling the fasteners together and fixation of the adjusted LEC.
The ends of the thread were tied together.

Clinical case. Patient U. 35 y.o0., injured during a hockey
game, hit the rink's board. Clinical and radiological examination
at admission. Diagnosis: dislocation of the right clavicle's
acromial end, Rockwood classification type V.

Pre-surgery preparation included laboratory and instrumental
examination (Figure 3).

The patient went into surgery on the 3rd day after receiving
the injury; the technique applied was the minimally invasive
dynamic double bundle ACJ reconstruction. Figure 4 is the the
postsurgery image.

The postoperative period saw no complications; primary
tension healed the wound. Immobilization (bandage) — 3
days, up to the disappearance of pain. The patient strictly
followed the rehabilitation recommendations and started
restoring the movement abilities the next day. The sutures were
removed in the office. Strength exercises were added to the
recommendation after 3-5 weeks. Follow-ups — 6 weeks and
6 months after the operation (Figure 5).

The result is considered to be good. Unrestricted limb
loading was allowed 6 weeks after. 2.5 months later, after
the rehabilitation, the patient started practicing sports on the
professional level again. The radiograph taken 6 months later
showed no migration of the fixator and no subluxation of the
clavicle. Full functional recovery was acknowledged.

RESULTS

We studied long-term results in all 112 patients. They were
examined and questioned 3-4 times a year, the interval between
such sessions was at least 3 months. The treatment outcomes
were evaluated on the basis of the latest examination.

Clinical tests helped determine the stability of ACJ. All
patients had their ACJ radiographed in standard projections
while loaded and in Zanca projection. When necessary, the
patients went through MRI, CT. DASH (Disability of the Arm,
Shoulder and Hand) scale [23] was used to register and
systematize subjective feelings of patients, degree of functional
recovery of the shoulder joint, daily activities limitations imposed
by the upper extremity. The same scale was applied to objective
examination results.
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Fig 3. Results of the X-ray examination. The radiogram reveals a dislocation of the acromial end of right clavicle

Fig 4. Dislocation reduced, joint fixed. State after double bundle ACJ reconstruction

Patients complaints were taken into account when
assessing results of the treatment; VAS (visual analog scale) [24],
a psychological test revealing subjective assessment, was used
to register pain and learn its type. Other factors considered:
residual deformation in the LEC projection; shoulder joint
movements amplitude; functional capabilities of the upper limb;
clinical tests results (piano key symptom) and X-ray tests (joint
congruence) results.

In 111 (99.1%) cases the results of the treatment were
good. One patient suffered from an operative wound infection

that was limited to epidermis and required no further surgery. 8
days later that patient was discharged from the hospital.

DISCUSSION

The length of period between receiving the injury and seeking
medical assistance is of great importance for surgery outcomes
[25]. The advantages offered by the dynamic double bundle
ACJ reconstruction technique when applied to fresh injuries are
obvious: it is minimally invasive (the incision is 3 cm max); special
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guides minimize the risk of damaging neurovascular structures;
surgery does not imply exposing the ACJ and traumatizing
its soft tissues; the technique is simple and fast (20 to 40 min
average operation time); there is no need to remove an implant.
Functional results shown by the technique surpass those
offered by other treatment methods: anatomical connection
and its dynamics do not violate anatomy and biomechanics of
ACJ and allows restoring the limb's function within the shortest
possible time, which is extremely important for professional
athletes. Moreover, neither vertical nor horizontal instability
never occur post-surgery.

CONCLUSIONS

We have developed and introduced into practice the minimally
invasive dynamic double bundle ACJ reconstruction technique
(patent RU 2017112434 from 19.10.2017) applicable to
fresh injuries. Reconstruction of the joint does not hinder
its biomechanics and allows complete restoration of the
coracoclavicular ligament's anatomy through building two thread
cerclages between coracoid process and clavicle where natural
ligaments run. These aspects are fundamentally important
about the developed technique. Vertical and horizontal stability
prevents recurrence while maintaining physiological mobility of
the limb. The developed technique can be introduced into daily
practice of traumatology departments.
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