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Acromioclavicular
joint dislocations

Acromioclavicular joint dislocations are common in-

juries predominantly affecting young adults injured

during sports or in traffic. In the available evidence

‘ \ there are controversies regarding both epidemiolo-

: gical data, diagnosis and treatment methods. This

thesis aimed to investigate the epidemiology, radiography and outcome after
surgical and conservative treatment of acromioclavicular joint dislocations.

We have calculated the incidence of acromioclavicular joint dislocations in a
mostly urban population, and showed that young men are the most commonly
injured, while older age and traffic accidents were risk factors for high-grade
dislocations. In a study on radiographic techniques we report that internal
rotation, or weighted, radiographs are not useful in the classification of acro-
mioclavicular joint dislocations compared to non-weighted radiographs. The
outcome after low-grade dislocations was investigated and one third of the
patients were unsatisfied with their shoulder two years after the injury. In a
surgical case series we present a high complication rate using the AC-GraftRope
device and suggest that this technique should be avoided. Finally, we studied
the outcome after gracilis tendon autograft harvest and found that patients
seemed to tolerate this procedure well but suffered a slightly reduced knee
flexion strength. | hope these results will be of interest to caregivers consulting
patients with acromioclavicular joint dislocations.
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Background: Acromioclavicular joint (ACJ) dislocations are common and frequently affecting young adults injured
during sports. The Rockwood classification system is used to grade the dislocations according to the extent of injury
to the soft tissues stabilizing the joint. Rockwood type 1 and 2 are not proper dislocations but partial ligamentous
injuries without complete ACJ separation and regarded as low-grade injuries. Rockwood type 3-6 are high-grade
injuries with complete dislocation of the joint. There is a lack of epidemiological knowledge and controversy
regarding how to best radiograph and how to treat ACJ dislocations.

Aims: To increase the knowledge regarding epidemiology, radiography and outcome after ACJ dislocation.

Patients and methods: This thesis is based on 2 patient cohorts. The first consists of prospectively included patients
with ACJ dislocations within the last 2 weeks. Epidemiologic data was obtained, patients underwent study
radiographs and were followed using the patient related outcome measures (PROMs); the disabilities of the arm,
shoulder, and hand (DASH) score, and the EuroQol-5 dimension (EQ-5D) visual analogue scale (VAS) for life
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Patients were operated using the AC-GraftRope device, a technique that uses an autologous gracilis tendon graft.
The shoulder was evaluated using radiographs and computed tomography (CT) scans, as well as DASH score,
Constant-Murley score and EQ-5D VAS. The graft donor leg was assessed using measurement of isometric knee
flexion strength, and the knee injury and osteoarthritis outcome score (KOOS).
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often than women. Higher age and traffic accidents were risk factors for high-grade injury. Paper Il shows that
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patients with Rockwood type 1 and 2 injuries were assessed at 2 years and almost one third were unsatisfied with
their shoulder. The ftrial for paper IV was halted prematurely due to a high rate of complications with 4 out of 8
patients suffering a loss of reduction. In 3 cases the reason was a fracture through the drill tunnel in the coracoid
process. Paper V evaluated the donor leg after gracilis tendon harvest and there was no evidence that subjective
knee function was affected, but a slight decrease in knee flexion strength compared to the contralateral leg was
seen.

Conclusions: The incidence of ACJ dislocations is 2.0 per 10,000 person-years. Men are injured more often than
women and injury during sports is common. Higher age and traffic accidents are risk factors for high-grade injuries.
Weighted or internal rotation radiographs are not useful in the classification of ACJ dislocations. Rockwood type 1
and 2 dislocations are not insignificant injuries with one third of the patients unsatisfied with their shoulder. The AC-
GraftRope is not a safe treatment method and should be avoided. Patients seem to tolerate gracilis tendon
harvesting well.
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Abstract

Background

Acromioclavicular joint (ACJ) dislocations are common and frequently affecting
young adults injured during sports. The Rockwood classification system is used to
grade the dislocations according to the extent of injury to the soft tissues stabilizing
the joint. Rockwood type 1 and 2 are not proper dislocations but partial ligamentous
injuries without complete ACJ separation and regarded as low-grade injuries.
Rockwood type 3-6 are high-grade injuries with complete dislocation of the joint.
There is a lack of epidemiological knowledge and controversy regarding how to best
radiograph and how to treat ACJ dislocations.

Aims
To increase the knowledge regarding epidemiology, radiography and outcome after
AC] dislocation.

Patients and methods

This thesis is based on 2 patient cohorts. The first consists of prospectively included
patients with ACJ dislocations within the last 2 weeks. Epidemiologic data was
obtained, patients underwent study radiographs and were followed using the patient
related outcome measures (PROMs); the disabilities of the arm, shoulder, and hand
(DASH) score, and the EuroQol-5 dimension (EQ-5D) visual analogue scale (VAS)
for life quality. The second cohort included patients with chronic ACJ dislocations
planned for reconstructive surgery. Patients were operated using the AC-GraftRope
device, a technique that uses an autologous gracilis tendon graft. The shoulder was
evaluated using radiographs and computed tomography (CT) scans, as well as
DASH score, Constant-Murley score and EQ-5D VAS. The graft donor leg was
assessed using measurement of isometric knee flexion strength, and the knee injury
and osteoarthritis outcome score (KOOS).

Results

Paper I describe the epidemiology of ACJ dislocations. The incidence was 2.0 per
10,000 person-years decreasing with higher age. Sports activity was the most
common trauma mechanism and men were injured more often than women. Higher
age and traffic accidents were risk factors for high-grade injury. Paper II shows that
weighted, or internal rotation radiographs are not useful in uncovering high-grade
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AC]J dislocations. In paper III patients with Rockwood type 1 and 2 injuries were
assessed at 2 years and almost one third were unsatisfied with their shoulder. The
trial for paper IV was halted prematurely due to a high rate of complications with 4
out of 8 patients suffering a loss of reduction. In 3 cases the reason was a fracture
through the drill tunnel in the coracoid process. Paper V evaluated the donor leg
after gracilis tendon harvest and there was no evidence that subjective knee function
was affected, but a slight decrease in knee flexion strength compared to the
contralateral leg was seen.

Conclusions

The incidence of ACJ dislocations is 2.0 per 10,000 person-years. Men are injured
more often than women and injury during sports is common. Higher age and traffic
accidents are risk factors for high-grade injuries. Weighted or internal rotation
radiographs are not useful in the classification of ACJ dislocations. Rockwood type
1 and 2 dislocations are not insignificant injuries with one third of the patients
unsatisfied with their shoulder. The AC-GraftRope is not a safe treatment method
and should be avoided. Patients seem to tolerate gracilis tendon harvesting well.

12



Abbreviations

AC
ACCR
ACJ
Al

AP
CA
cC

CI

CT
DASH
EQ-5D
KOOS
MRI
PROM
SP
VAS

Acromioclavicular

Anatomic coracoclavicular reconstruction
Acromioclavicular joint

Anteroinferior

Anteroposterior

Coracoacromial

Coracoclavicular

Confidence interval

Computed tomography

Disabilities of the arm, shoulder, and hand
EuroQol-5 dimension

Knee injury and osteoarthritis outcome score
Magnetic resonance imaging

Patient related outcome measure
Superoposterior

Visual analogue scale
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Thesis at a glance

Paper

Aim

Method

Results

Conclusion

To describe the
epidemiology of ACJ
dislocations in a
general population.

Prospective study of
157 patients aged 18-
75 years with acute
ACJ dislocations
classified according to
Rockwood.

The incidence was 2.0
per 10,000 person-
years decreasing with
age. Older age and
injury from traffic
accidents were risk
factors for high-grade
dislocations.

The incidence of ACJ
disloctions in a general
popultion was 2.0 per
10,000 person-years
decreasing with higher
age.

To evaluate if
weighted or internal
rotation radiographs

are useful in the
classification of ACJ
dislocations.

Classifications from
non-weighted
radiographs were
compared to weighted
and internal rotation
radiographs in 138
patients

Weighted or internal
rotation radiographs
did not uncover more
high grade ACJ
dislocations compared
to non-weighted
radiographs.

Weighted or internal
rotation radiographs
are not useful in the
classificaiton of ACJ
dislocations.

To assess the 2 year
outcome in patients
with Rockwood type 1
and 2 ACJ
dislocations.

65 prospectively
included patients were
evaluated. Outcome
measues were DASH,
EQ-5D VAS and
radiographs.

7 patients required
surgery before follow-
up. For the remainder

median DASH and
EQ-5D were good but

one third were not
satisfied with their
shoulder.
Radiographic findings
did not correlate with
satisfaction or PROMs.

Rockwoood type 1 and
2 injuries are not
insignificant with

almost one third of
patients unsatisfied
with their shoulder.

To evaluate the AC-
GraftRope surgical
method for treatment
of chronic ACJ
dislocations

Prospective case
series with planned 2
year follow-up using

Constant-Murley,
DASH, EQ-5D VAS,
radiographs and CT

scans.

The trial was halted
prematurely because 4
out of 8 patients
suffered a loss of
reduction. In 3 of these
the reason was a
fracture of the coracoid
process.

The AC-GraftRope
technique is not safe
for the treatment of
ACJ dislocations.

To study the outcome
after autologous
gracilis tendon
harvesting

Case series of 22
patieents. Follow-up
with KOOS and
isometric knee flexion
strength compared
between the operated
and contralateral leg.

KOOS scores were not
significantly worse at
12 months compared

to baseline. Knee
flexion strength of the
operated leg was
decreased.

Gracilis tendon
harvesting seems to
be well tolerated but

knee flexion strength is
decreased.
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Popularvetenskaplig sammanfattning

Nyckelbenet moter skulderbladet i akromioklavikularleden (AC-leden) som utgdr
den enda leden mellan arm och skulderblad och resten av skelettet. Nar AC-leden
gér ur led (luxerar) skadas stabiliserande ledkapsel och ligament vilket innebér att
armen blir hdngande i de muskler som férbinder 6verarmsbenet och skulderbladet
med brostkorgen. Detta resulterar i att armen och skulderbladet sjunker ner och en
felstéllning dér nyckelbensédnden téltar huden pa axelns ovansida uppkommer.

AC-ledsluxationer ér vanliga och utgor ca 10% av alla axelskador. Forekomst av
skadan och patientkaraktéristika finns beskrivet i flera studier av sportutdvare si
som ishockeyspelare, amerikanska fotbollsspelare och alpina skidékare. Det finns
dock endast tva tidigare publikationer med motsvarande uppgifter frin en mer
generell population.

AC-ledsluxationer graderas efter allvarlighet enligt en skala med 6 steg som kallas
for Rockwoods klassifikationssystem. Vid klassifikation anvénds rontgen och
klinisk undersokning for att uppskatta skadans utbredning i ledkapseln och de
ligament som stabiliserar leden. Vid Rockwood typ 1 och 2 &r ligamentskadorna
partiella och leden inte helt luxerad, dessa skador kan betraktas som laggradiga. Vid
Rockwood typ 3-6 dr skadan mer omfattande och AC-leden helt luxerad, dessa
skador ar hoggradiga. Vilken sorts rontgenundersokning som bést avbildar
instabiliteten i AC-leden &r inte faststéllt.

Laggradiga skador behandlas alltid icke-kirurgiskt (konservativt), ofta med gott
resultat. Det finns dock studier som antyder att restsymtom &r vanligt. For
hoggradiga skador &dr behandlingen i det akuta skedet oftast konservativ med
fysioterapi, men fOr vissa patienter fungerar inte detta och operation kan bli
nddvéindig. Det finns idag ingen standardmetod for hur hoggradiga AC-
ledsluxationer bor opereras i kroniskt skede och manga kirurgiska tekniker ar
behiftade med en hog komplikationsfrekvens varfor nya metoder eftersoks.

Denna avhandling baseras pa tva patientgrupper. Den fOrsta bestar av patienter
mellan 18 och 75 ar med akuta AC-ledsluxationer. Nir patienterna inkluderades i
projektet genomfordes rontgen med sidrskilda studierontgenbilder och olika
uppgifter om patientkaraktéristika och skademekanism samlades in. Den andra
gruppen bestar av patienter med kroniska AC-ledsluxationer dér kirurgi planeras.

19



I studie 1 Kkartliggs forekomst av AC-ledsluxationer, skademekanismer,
gradfordelning och patientkaraktiristika. Analysen bestar av 157 patienter fran vart
sjukhus upptagningsomrade vilket innebér att skadefrekvensen ar ungefar 2 AC-
ledsluxationer per 10 000 personer och ar. Mén skadar sig betydligt oftare &n
kvinnor och olika typer av sport dr den vanligaste orsaken. Patienter som skadar sig
i trafikolyckor eller dr dldre far fler hoggradiga skador dn andra. I studie 2 jamfors
138 patienters rontgenbilder och resultaten visar att undersokningar med vikter
héngande runt handlederna eller med armarna i inatrotation inte &r béttre &n vanliga
rontgenbilder pé att identifiera hoggradiga AC-ledsluxationer. I studie 3 foljs 65
patienter med laggradiga skador under 2 ar. Sju patienter opererades pa grund av
smirta och funktionsbortfall, och av de resterande &r néstan en tredjedel missnojda
med sin axel.

I studie IV utviarderas AC-GraftRope, en ny kirurgisk behandlingsmetod for att
operera kroniska AC-ledsluxationer. Operationen innebér att ett implantat och en
sena fasts mellan nyckelbenet och korpnibbsutskottet pad skulderbladet i den
skadade axeln, den plats dir de avslitna ledbanden tidigare funnits. Implantatet ska
sedan skydda reparationen under tiden som senan ldker fast. Senan &r en av
kndbojarna (gracilis) som transplanteras fran patientens eget ben till axeln. Denna
studie fick avbrytas i fortid pd grund av att AC-leden luxerade pé nytt for 4 av 8
patienter. 3 av dessa komplikationer berodde pa en fraktur i korpnibbsutskottet. Vi
bytte ddrefter operationsmetod till en som ocksé utnyttjar ssmma sena men dér den
axelkirurgiska tekniken dr annorlunda. Studie 5 kartldgger hur patienterna paverkas
av att gracilissenan anvints som transplantat. Vi kunde inte pavisa nagon effekt pa
den subjektiva kndfunktionen men diaremot blev den uppmatta bojstyrkan nagot
svagare i det opererade knét jamfort med det friska.

Sammanfattningsvis intraffar AC-ledsluxationer hos 2 per 10 000 personer och éar.
Skadan ar vanligare hos unga och méin, men dldre och de som skadas i trafiken har
storre risk for hoggradiga skador. Vid klassificering av skadan rdcker det med
vanliga rontgenbilder, belastade eller inatroterade bilder tillfor ingen information.
Laggradiga skador dr mojligtvis underskattade och nédstan en tredjedel av
patienterna dr missndjda med sin axel. AC-GraftRope &r en oldmplig
operationsmetod men att gracilissenan anvinds som transplantat verkar patienterna
tala val.
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Background

History

Acromioclavicular joint (ACJ) dislocations have posed a challenge to medical
practitioners since the birth of modern medicine. Hippocrates (460-370 BC)
described the injury in his works and recognized the risk of confusing it with a
glenohumeral dislocation since “the top of the shoulder appears low and hollow.”
The suggested treatment involved bandages applied to push the projecting clavicle
down and fasten the upper arm to the torso in an elevated position to reduce the
joint. Hippocrates further described that no disability would be expected after such
an injury but that the deformity would remain [1]. Galen (129-210 AD), who
suffered an ACJ dislocation himself during a wrestling match, seems to have studied
the regime suggested by Hippocrates. He treated himself with “such a tight bandage
as no man else could have borne; and after having the bandage upon him for a long
while, was cured at last” [1].

The first surgical treatment of an ACJ dislocation is credited to Samuel Cooper,
who, in 1861, operated three patients using a cerclage technique with silver wire to
secure the acromion to the clavicle after removing the cartilage from the joint
surfaces. The wire was extracted after six weeks, and excellent results were reported
[2, 3]. In 1917 Cadenat described the transfer of the coracoacromial ligament from
the acromion to the lateral clavicle as a method of reconstructing a chronic ACJ
dislocation [3]. Weaver and Dunn further developed this procedure in 1972 into the
widely used technique that bear their names [4]. Today there are more than 60
surgical techniques to treat ACJ dislocations, indicating that a superior “gold
standard” is yet to be discovered [5-7].

Anatomy

The ACJ is a synovial joint between the lateral end of the clavicle and the medial
acromion. The bony anatomy of both the acromion and clavicle and, thus, the
orientation of the joint, show high inter-individual variation [8-10]. The joint surfaces
are covered by cartilage, and an intra-articular fibrocartilaginous disc is normally
present [11]. Degeneration leading to the obliteration of the intra-articular disc and
reducing joint space occur with increasing age and is considered normal [12].
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Surrounding the ACJ is a capsule containing the acromioclavicular (AC) ligaments
(figure 1). These ligaments have traditionally been described as thickenings of the
joint capsule on all its sides, resulting in four bundles; a superior, inferior, anterior,
and posterior [11, 13]. More recent anatomical studies have shown that there are, in
fact, two bundles, the superoposterior (SP) and the anteroinferior (Al). The former
is the sturdiest and runs superiorly from the posterior surface of the lateral clavicle
to the anterior of the acromion. The latter shows more variation in its anatomy and
connects the anterior clavicle to the anterior acromion, sometimes running more
inferiorly and sometimes more superiorly [14].

Further stabilizing the joint is the coracoclavicular (CC) ligaments that consist of
two separate structures, the trapezoid, and the conoid ligaments (figure 1). Both run
between the superior surface of the coracoid process to the inferior clavicle, thereby
suspending the scapula and shoulder girdle from the clavicle. The trapezoid
ligament originates from the top of the coracoid process and has a superior, anterior,
and lateral direction. The centre of its insertion is 26 mm medial to the lateral end
of the clavicle on the anterior half of the bone's inferior surface. The conoid ligament
originates on the coracoid process, posteriorly and medial to the trapezoid, and it
runs superiorly and medially to the conoid tubercle on the clavicle. The insertion is
45 mm medial to the lateral end of the clavicle [11, 15, 16].

The ACJ is covered by the deltotrapezoid fascia, also known as the deltotrapezoid
aponeurosis, referring to the common insertion of the anterior deltoid and upper
trapezoid muscles. This fascia blends with the ACJ capsule and the superoposterior
bundle of the AC ligaments adding to the stability of the ACJ [14, 17, 18].
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Acromioclavicular ~ Trapezoid ligament

joint Conoid ligament

== V) N

Coracoacromial =
ligament

Figure 1. The anatomy of the ACJ.
lllustration by Louise Betsholtz, with permission from the artist.

Biomechanics

The shoulder girdle is a complex unit consisting of the glenohumeral, the
acromioclavicular, and the sternoclavicular joints. The thoracoscapular interaction
can be viewed functionally as the fourth joint of the shoulder. Together, these joints
allow a large range of motion that is important for the full use of the arm. The
clavicle is the only bony connection between the axial skeleton and the upper
extremity and works as a strut, providing leverage and support for many of the
muscles acting across the shoulder. During elevation of the arm, the ACJ undergoes
20-30° of axial rotation and the same amount of angulation in the coronal plane
contributing significantly to the normal range of motion [19-21].

The ACJ is stabilized by the AC ligaments, the CC ligaments, and the deltotrapezoid
fascia. Biomechanical studies have provided insight into the properties of each of
these structures [18, 21-25]. The AC ligaments are the primary restraints to AP
translation of the clavicle with the SP bundle mainly resisting posterior translation
and the AI bundle resisting anterior translation. Transecting the AC ligaments
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results in a significantly increased in situ force in the CC ligaments, a near doubling
of AP-translation of the clavicle, but only a slight increase in SI instability [21-23,
25]. The CC ligaments are stiffer and more robust than the AC ligaments and
constitute the primary stabilizers in the SI plane. In the absence of the AC ligaments,
the trapezoid becomes the main restraint to posterior translation, and the conoid to
superior and anterior translation of the clavicle. The trapezoid is slightly larger and
stronger than the conoid [22, 23, 25].

The deltotrapezoid fascia reinforces the SP bundle of the AC ligaments; however,
the fascia's biomechanical importance is not well understood. Only one previous
laboratory study with substantial limitations has attempted to shed light on this topic
and found that transection of the deltotrapezoid fascia led to a slight increase in ACJ
instability. The clinical relevance of this fining is questioned by the authors [18].

A final contributor to the stability of the ACJ is the contact between the bony
surfaces of the joint. There is evidence that compressive forces over the joint, as
occur during normal use of the arm, result in a reduced load on the AC ligaments,
potentially protecting them from injury [25, 26].

Assessment of the acromioclavicular joint

Clinical examination

The subcutaneous position of the ACJ makes it accessible for clinical examination;
therefore, swelling or dislocation can usually be easily identified. Pain from the ACJ
is distinctly centred over the joint and radiates along the trapezius muscle and the
anterior deltoid [27]. Examination of the injured ACJ must always include a
complete shoulder assessment as concomitant pathologies are common [28].

Specific examination of the ACJ is carried out with inspection and palpation of the
joint to identify swelling, hematoma, tenderness, and suspected dislocations or
fractures. The most common test is the cross-arm adduction test. It is performed by
elevating the arm to 90° and adducting it across the body with the elbow bent at 90°,
thus causing a compression of the ACJ. The test is positive if pain in the joint is
exacerbated. It is important to ask the patient where the pain is felt as the test can
otherwise be falsely interpreted as positive because of pain caused by a stretch in
the dorsal structures of the shoulder. Pain on palpation, a positive cross-body
adduction test, and relief of pain after intraarticular injection of local anaesthetic is
considered diagnostic for ACJ pathology [29-31].

To examine a suspected ACJ dislocation stability testing is performed (figure 2). To
test for horizontal instability the examiner stabilizes the acromion between the
thumb and fingers, grasp the clavicle with the other hand and move it in the AP
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plane. When comparing to the uninjured side an increased laxity can be identified.
Vertical instability is tested by placing one hand on top of the clavicle with the index
finger over the ACJ. The other hand is used to indirectly move the acromion in the
vertical plane by lifting under, or pulling on, the elbow. An instability is usually
easily detectable [29-31].

Figure 2. Clinical examination of the ACJ.

Patient with a chronic Rockwodd type 3 ACJ dislocation of the left shoulder. In the top row examination of horizontal
instabliity. A. Reduced clavicle. B. Posteriorly dislocated clavicle. In the bottom row examination of vertical istability.
C. Upward force on the elbow and reduced ACJ. D. Downward force on the elbow with exaggerated dislocation.
Authors’ photographs, with permission from the model.
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Radiographic examination

Despite the development and increased accessibility of modern imaging techniques,
plain radiographs remain the mainstay for examination of the injured ACJ. It is
important to note that normal shoulder radiographs are not adequate for visualizing
the ACJ because of overpenetration and improper perspective. A protocol for
specific ACJ images should be used [32-34].

Anteroposterior views

AP views are performed to assess ACJ pathology such as osteoarthritis, osteolysis,
fractures or dislocations. The patient should be standing or sitting with the arms
hanging freely. If the arm is supported, or the patient supine, a vertical displacement
could be masked. The radiographs are taken with a 10-15° cephalic tilt to avoid
superimposing the ACJ on the spine of the scapula, a so called Zanca view (figure
3) [32-34]. As there is great individual variation in ACJ anatomy it is important that
the unaffected side is imaged for comparison [9, 29]. It is also preferable if both
AClJs are included in the same wide radiograph to achieve as similar projections as
possible [29, 34]. To evaluate vertical displacement the CC interval is measured and
compared to the unaffected side (figure 4). This interval is usually defined as the
closest distance between the superior cortex of the coracoid process and the inferior
of the clavicle, and can be measured with high inter- and intra-observer reliability
[29, 30, 35].

Figure 3. Zanca view radiographic set up.
With permission from Wolters Kluwer Health, Inc [36].
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Figure 4. Zanca view panorama radiograph.
CC intervals are marked by red doubleheaded arrows.

Weighted radiographs or stress-views can be performed by suspending weights
from the patients’ wrists. Usually 10 pounds or 5 kg weights are used. This
technique is advocated by some because it is believed that involuntary muscle
shielding can reduce a dislocated ACIJ risking that the injury is underestimated [34,
37]. However, the evidence regarding the usefulness of such radiographs is
conflicting and surveys among shoulder surgeons indicate that the popularity of
stress-views is declining [37-40]. Results from a laboratory study indicate that
radiographs with the shoulder in internal rotation could help to exaggerate the
vertical instability of an ACJ dislocation and thus replace weighted radiographs,
however, this has not been clinically evaluated [41].

Views to evaluate horizontal instability

A basic rule of radiography is that at least two perpendicular views should be used.
The AP view of the ACJ cannot diagnose horizontal displacement of the joint. For
a complete assessment it is therefore logical to add a radiograph that allows this.
However, despite much research, there is so far no technique that can accomplish a
reproducible way to evaluate horizontal instability. The axillary view is commonly
used but has a tendency to overestimate posterior translation of the clavicle relative
to the acromion and has poor reproducibility. Alternative radiographic views
including dynamic examinations have been studied but so far none is superior [35,
42-44].

Other imaging modalities

Computed tomography

Computed tomography (CT), with its excellent contrast and resolution, is superior
for fracture evaluation. However, the examinations are typically performed in the
supine position, and without the effect of gravity ACJ dislocations can appear less
displaced than they truly are. There is evidence that CT scans are not useful in the
classification or diagnosis of ACJ dislocations [33, 45, 46].
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Magnetic resonance imaging

Magnetic resonance imaging (MRI) with its superior soft tissue resolution has been
proven to adequately depict the stabilizing structures surrounding the ACJ and
studies have shown that it can be used to grade the severity of acute dislocations
[47, 48]. Since the individual ligaments can be visualized one is not dependant on
displacement to infer if they are ruptured, and therefore the supine position is not as
problematic as with other modalities for the diagnosis of acute ACJ dislocations.
However, for chronic injuries there might be ligamentous healing presenting as a
continuous structure that can only be proven to have inadequate tension if stress is
applied [49].

MRI provides more detail than other modalities, for example partial injuries of the
ligaments can be visualized. Because of this a separate MRI-based classification
system has been suggested [50, 51]. The clinical relevance or implication of this
higher level of detail is, however, unknown.

Ultrasound

Ultrasound can be used to visualize both the superior part of the AC ligaments, the
CC ligaments and to dynamically evaluate instability of the ACJ. The main benefit
of the technique is the ability to perform a dynamic examination, its low cost and
wide availability. The downsides are the steep learning curve and user dependence
[33, 52, 53].

Classification

History

The need of a classification system for ACJ dislocations was recognized in 1917 by
Cadenat when he wrote “To proclaim the good functional result of a method of
treatment for dislocation of the clavicle without specifying whether the lesion was
complete or not, is absolutely illusory”. In Cadenats practice the dislocations were
classified as incomplete if the CC ligaments were intact or stretched, clinically
evident as a normal, or subluxated, ACJ. Injuries with ruptures of both the AC- and
CC ligaments were classified as complete. Cadenat further described the sequential
injury pattern to the stabilizing structures of the ACJ that has been the foundation
of all classification systems since. Experiments showed that with increasing force
rupture occurred first in the AC ligaments, followed by the CC ligaments and finally
the deltotrapezoid fascia [3].

In 1963 Tossy et al. introduced a new classification system with three grades
according to the extent of damage to the stabilizing soft tissues. Classification was
performed using weighted AP-radiographs and clinical examination. The importance
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of comparison to the intact side was emphasized. Grade 1 was defined as a strain of
the ACJ without complete ligament injuries and with no discernible dislocation. Grade
2 was described as a complete rupture of the AC ligaments and partial injury to the
CC ligaments, radiographically visible as a 50% increase in the CC distance on the
injured side compared to the intact. Grade 3 injuries were defined as complete
dislocations clearly visible both clinically and radiographically [54]. In 1967 Allman
described a classification system similar to that of Tossy et al. except that in grade 2
injuries the CC ligaments were described as intact and not partially torn [31].

The Rockwood classification

Today, the Rockwood classification system is the most commonly used. It expands
the previous classifications to include six different types of ACJ dislocations.
Rockwood recognized the need to include disruption of the deltotrapezoid fascia in
the assessment as these injuries are more severe than those only affecting the
ligaments [30, 55]. He also added the rare inferior dislocation of the clavicle. The
Rockwood classification system is described in table 1 and figure 5.

Table 1. The Rockwood classification.
The change in CC distance is calculated by comparison to the uninjured side.

. Clinical
G n e . oo Deltotragezmd Radiographs examination of
type ligaments ligaments fascia ACJ
Intact or
1 partial injury Intact Intact Normal Stable
Intact or Normal or widening of Horizontal
2 Ruptured o Intact ACJ and/or <25% } -
partial injury increase in CC distance instability
Intact or lateral 25 100% increase in CC Horizontal and
3 Ruptured Ruptured detachment distance vertical instability
. Increased or normal CC )
4 Ruptured Ruptured Detachgd_wnh distance. Possibly visible Large hor_gontal
dorsal injury o instability
on axial view
Large o Horizontal and
5 Ruptured Ruptured detachment or >100 /"d:ggﬁszed cc large vertical
rupture instability
- ) Risk of
6 Ruptured Ruptured Varying injury Inferior déf;?/?;gon of the neurovascular
injury
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Conjoined tendon of
biceps and coracobrachialis

Figure 5. The Rockwood classification.
With permission from Wolters Kluwer Health, Inc [36].
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Limitations

While widely used, there is agreement that the Rockwood classification has
limitations. The ability of the classification to guide in treatment choice is
questioned and despite numerous studies there is still no consensus on the
indications for surgery [6, 7, 56, 57]. Modifications to the classification system has
been suggested to make it more clinically useful [56].

The injuries to the ligaments and fascia used to classify according to Rockwood are
inferred using plain radiographs and clinical examination. MRI studies have shown
that there is inaccuracy in this assessment and that partial injuries to stabilizing
structures complicate classification even further [50, 51].

Several authors have reported on the inter- and intra-observer reliability of the
system and presented differing results. However, in studies where a digital ruler is
used to measure the CC distance, as opposed to only visual assessment, reliability
is good [45, 58, 59].

Epidemiology

ACJ dislocations typically occur from a direct force to the top of the shoulder
driving the acromion inferiorly. More rarely they occur through an indirect trauma
transmitted via the arm to the ACJ, for example a fall onto the elbow driving the
head of the humerus into the acromion. With increasing force, the stabilizing
structures are ruptured sequentially as described above [30, 60, 61].

The epidemiology of ACJ dislocations has been extensively studied in different
groups of athletes [62-71]. The injuries commonly occur during high speed events
or during contact sports. ACJ dislocations are the most common shoulder injuries
reported in sports such as rugby, ice-hockey, snowboarding and in American
football quarter backs [64, 66, 67, 69, 70, 72]. The gender difference reported from
general populations, where men are more at risk than women, has been studied in
snowboarders and collegiate ice-hockey players, with reciprocal results [61, 62, 66,
67,72, 73].

The epidemiology of ACJ dislocations in general populations is less well described
and comprise four studies on three separate cohorts. Two of these reports provide
details regarding patients suffering from ACJ injuries while the others present data
on various shoulder injuries in a broader perspective. The studies show that ACJ
dislocations have an incidence of 0.8-4.5 per 10 000 person-years and accounts for
4-10% of all shoulder injuries. Men suffer ACJ dislocations significantly more often
than women, the male:female ratio is 4.6-8.5:1. Young adults are the most
frequently injured, with average age for injury reported to be in the thirties.
However, the age distribution seems to be explained by men being injured
predominantly in their twenties. For women the incidence is more evenly distributed
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with similar rates from age 20 to 60. Injury during sports is the most common
mechanism closely followed by road accidents. The panorama of sports reported
differ between cohorts, likely depending on geographical and cultural differences
[61, 62,73, 74].

Treatment

There is a plethora of studies on the treatment of ACJ dislocations, however, their
level of evidence is generally low, and many questions remain unanswered.

Treatment according to Rockwood classification

The purpose of the Rockwood classification system is to provide guidelines that
assist in treatment choice and recovery prediction after ACJ dislocations. Despite
numerous studies there is still a lack of consensus regarding many important
questions such as treatment indications, appropriate surgical and conservative
techniques, and expected recovery [5-7, 30, 55, 75, 76]. These questions are
discussed further below in this section.

Rockwood type 1 and 2 dislocations

Rockwood type 1 and 2 ACJ dislocations can be considered low-grade injuries, and
there is wide consensus that patients with these injuries should be treated
conservatively [5, 7, 75]. There are, however, no randomized trials comparing
different treatment protocols and there is no evidence to support a specific
conservative method. In textbooks and studies reporting on the outcome after low-
grade ACJ dislocations similar treatment protocols are described. A sling is used for
comfort, non-narcotic analgesics are recommended, range of motion is resumed as
pain subsides, followed by strengthening exercises [29, 60, 77-80].

The outcome after low-grade ACJ dislocations is reported as excellent by many
authors [60, 81, 82]. However, there are studies indicating that residual symptoms
might be underestimated and that up to 50% of patients suffer sequela [79, 80, 83,
84]. Further, there is one study reporting that surgery is indicated in 27% of patients
with low-grade ACJ dislocations [78].

There are no authors that recommend surgery as a primary treatment for low-grade
AC]J dislocations. However, a lateral clavicle excision is commonly performed on
patients who suffer persistent disability and ACJ pain. Favourable post-operative
results can be expected [85, 86].
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Rockwood type 3 dislocations

For decades, it has been debated if patients with Rockwood type 3 ACJ dislocations
should be treated conservatively or surgically. Today, most authors suggest initial
conservative treatment with surgery reserved for patients suffering persisting
symptoms [5, 7, 57, 75, 76]. There are, however, current authors who recommend
primary surgery [87]. The arguments and evidence of this debate are described
further below in the section titled “Conservative or surgical treatment?”’

As for low-grade injuries, there is not enough evidence to support a specific
conservative treatment regime. In the acute phase recommendations are similar to
those for low-grade injuries. A typical regime includes a sling for comfort, non-
narcotic analgesics and early start of range of motion exercises [29, 60, 77].

However, type 3 injuries differ from the lower grades in that the scapula is
completely separated from the rest of the skeleton, and therefore dependent solely
on its musculature to maintain position and rhythm during arm movement. It has
been shown that scapulothoracic dyskinesis after ACJ separation is common and
might be associated with poor outcome [88]. A rehabilitation protocol focusing on
scapular positioning and strengthening of the muscles controlling the scapula has
been suggested and promising results have been reported from a case series [89, 90].

For patients suffering persistent symptoms surgery is an option. When the
conservative regime should be abandoned depends on the severity of the symptoms
and recommendations in the literature differ [60, 76]. The large number of operative
techniques available, and the lack of a “gold standard”, make it difficult to give
general recommendations regarding the use of surgery as a treatment for ACJ
dislocations [5-7, 76]. Different aspects of surgical treatment are described below
in the section “Surgical techniques”.

The outcome for patients with Rockwood type 3 injuries has been reported by
several authors [91-94]. After conservative treatment 80-88% of patients have
favourable results, also athletes and manual labourers can achieve acceptable
shoulder function. Even when conservative treatment is considered successful some
residual symptoms can be present. Most commonly, fatigue with overhead
activities, reduced bench press strength, trouble carrying heavy loads and cosmetic
complaints [91-94]. For patients that fail conservative treatment pain is the main
problem [95].

Rockwood type 4 to 6 dislocations

For patients with high-grade injuries, Rockwood type 4-6, surgery is widely
recommended [5, 29, 60, 75, 76]. However, the recommendation does not rest on
solid evidence as there is a lack of studies.

For patients with a Rockwood type 4 dislocation where the clavicle is incarcerated
in the trapezius muscle the need for active treatment is obvious as pain is often
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substantial. However, a Rockwood type 4 injury can also be defined as a situation
where the clavicle has a large horizontal instability and special dynamic
radiographic techniques have been suggested to depict this [44]. This definition of
a type 4 dislocation makes it less distinguishable from type 3 or type 5 injuries.
Regardless of Rockwood classification, large horizontal instability seems to be
associated with worse outcome and for such patients surgical treatment might be
preferable although further research is warranted [96, 97].

For Rockwood type 5 dislocations the general recommendation is surgical
treatment. This recommendation is based on only a few studies with partially
contradictive conclusions [93, 98-101]. The long-term outcome after acute surgery
for type 5 dislocations is excellent in one retrospective case series, although early
complications occurred in 18 out of 50 patients [98]. Two studies with a maximum
of 5 years follow-up indicate that patients with type 5 injuries suffer significant
symptoms if treated conservatively [93, 99]. In a retrospective comparative study
with at least 2 years follow-up 20 patients with Rockwood type 5 injuries were
treated surgically and compared to 21 conservatively treated patients. The surgical
group had better quality of life and functional outcome measures [101]. These
results are, however, contradicted by a long-term 20 year follow-up study in which
surgery did not result in superior outcome compared to conservative treatment
[100]. Again, further research is warranted.

Rockwood type 6 injuries are very rare and only case reports are available. With a
subcoracoid position of the clavicle, and possible neurovascular insult, only surgical
treatment is feasible.

Conservative or surgical treatment?

The debate regarding if ACJ dislocations should be treated surgically or
conservatively has been ongoing for decades and mostly focused on Rockwood type
3 dislocations. However, older comparative studies also included Rockwood type 4
and 5 injuries as these were not distinguished from type 3 in the previous
classification systems[30, 31, 54, 55]. Summarizing evidence is difficult as studies
use different treatment protocols and outcome measures.

There are three prospective randomized trials comparing a total of 119 patients
treated conservatively to 114 treated operatively [93, 102, 103]. The majority of the
studied patients had Rockwood type 3 injuries but patients with type 4 and 5 were
also included. Conservative treatment was similar between the studies with the use
of a sling for 2-4 weeks and early start of physiotherapy. The surgical techniques
differed in that the reduction of the joint was maintained by Kirschner wires and CC
ligament suture [102], a CC transfixation screw [93], or a hook plate [103]. Follow-
up was continued for up to two years and results were similar for all of the studies
with faster recovery for the conservatively treated patients and minimal differences
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between groups at final follow-up. The study using CC screws reported the largest
discrepancies between groups at final follow-up with good or excellent results in
88% of the conservatively treated patients versus 77% for the surgically group. All
of the reports had high complication rates of up to 50% for surgically treated
patients, significantly higher than for conservative treatment.

In addition, there are many retrospective studies comparing different operative
techniques to conservative treatment. Most of these show no difference in clinical
results and recommend conservative treatment to avoid the risks associated with
surgery [95, 97, 100, 104-108]. The majority of the patients in these studies have
Rockwood type 3 injuries; however, in some reports higher grades are also included.

There is one current study recommending primary surgery for Rockwood type 3
dislocations. The conclusion is based on a retrospective analysis of 24 patients
operated with a hook plate and 17 treated conservatively with a mean follow-up of
3 years. The surgically treated patients subjectively rated their outcome as slightly
better and had a median Constant-Murley score that was 10 points higher compared
to the conservative group [87, 109].

Two of the prospective randomized trials make separate observations on patients
with severely displaced ACJ dislocations, corresponding to Rockwood type 5, and
suggest that primary surgery could be beneficial for these patients. However, the
subgroups consisted of a maximum of 12 subjects [93, 102].

In one retrospective analysis comparing surgical to conservative treatment the
majority of the included patients had Rockwood type 5 injuries. 21 patients were
treated conservatively and 20 surgically using a CC suspension device and
arthroscopic technique. The surgically treated patients had better quality of life,
shoulder related outcome measures, lower pain and showed less scapular dyskinesis
compared to the conservative group [101].

To summarize, for Rockwood type 3 ACJ dislocations surgical treatment does not
seem to improve outcome and conservative treatment in the acute setting is
reasonable. For higher grade injuries the evidence is less clear and the risk of poor
outcome with conservative treatment is likely higher, although more research is
needed.

Early or delayed surgery?

An argument often used by those favouring operative treatment of ACJ dislocations
is that surgery in the acute setting gives superior outcome compared to delayed
reconstruction. While seemingly logical that healing of the native ligaments would
be preferable to late reconstruction, with the generally good outcome of
conservative treatment solid evidence would be necessary in order to recommend
early surgery.
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There are a few studies investigating this topic. However, the conclusions that can
be drawn are severely limited by the retrospective designs, differences in surgical
techniques, definitions of what is considered an early repair, and inclusion criteria
for the study subjects [110-114].

The reports that show superior outcome for acutely operated patients compare
varying techniques for early surgery to the coracoacromial (CA) ligament transfer,
also known as the Weaver-Dunn procedure, for late reconstruction [4, 110, 112,
113]. The Weaver-Dunn procedure has previously been widely used for treating
chronic ACJ dislocations but is today considered inferior to other techniques. [75,
115-117].

A comparison of modern surgical techniques showed no difference in outcome
between early and delayed treatment. Both groups were operated using
arthroscopically assisted techniques. In the acutely treated patients two CC
suspension devices were implanted to maintain reduction, and in the delayed
treatment group a tendon graft was used to reconstruct the injured CC ligaments and
a single CC suspension device was implanted for augmentation [114].

To summarize, there is not enough evidence to support the use of early surgical
treatment for the majority of ACJ dislocations. However, some patients will have
unacceptable symptoms after conservative treatment and identifying these in the
acute setting to allow for early surgery would be beneficial.

Surgical techniques

Since the first recorded surgery for an ACJ dislocation in 1861 more than 60
operative techniques have been described. While there is a myriad of studies on the
subject there is not enough evidence for a single method to be considered superior
[5-7,75,76].

Surgery for acute ACJ dislocations

Surgery is defined as acute when the ruptured native ligaments still have the ability
to heal. The time limit used for this distinction differs between studies from three to
six weeks [110-114]. The aim of acute surgery is to reduce and secure the ACJ to
approximate the torn AC and CC ligaments and allow them to heal. In addition to
this the ligaments can be sutured. To date, all conceivable surgical implants and
techniques have been used to achieve this goal. Below, the most common
procedures are discussed.
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The Bosworth screw

In 1941 Bosworth introduced the technique of using a distally threaded screw
inserted from a superior incision through the clavicle with purchase in the coracoid
process, thereby reducing the ACJ [118]. He presented promising results in his own
first cases, and the technique reached widespread use [119]. Today the method has
fallen out of favour because of a high rate of complications and the availability of
superior techniques [120-122].

Fixation with Kirschner wires

Fixation with two threaded Kirschner wires introduced from the lateral acromion
across the ACJ was introduced by Phemister in 1942 [123]. Implant removal is
usually performed 2-3 months post-operatively. With different variations the
technique has been in widespread use. The most common modifications are the
addition of CC ligament repair, the use of smooth instead of threaded Kirschner
wires, and addition of suture slings securing the coracoid process to the clavicle
[102, 105, 124]. Complication rates are high with the most common problems being
wire migration and redislocation [105, 125]. Severe complications are rare but there
are case reports of catastrophic wire migration, for example into the spinal canal
[126].

The hook plate

The hook plate is secured to the superior of the lateral clavicle and uses a hook
inferior to the acromion to keep the ACJ reduced. Because of common problems
with pain and the risk of erosion of the acromion implant removal is necessary and
usually performed 2-3 months post-operatively. Many studies show excellent results
but the need for implant removal is a downside. The most common complication is
redislocation which occurs in 10-35% of cases [87, 113, 125, 127].

CC suspension devices

CC suspension devices consist of two endobuttons connected by a strong, non-
absorbable suture. The buttons are placed between the inferior coracoid process and
the superior clavicle, and as the suture is tightened the ACJ is reduced. This method
is widely used today and often performed using arthroscopic technique for the
possible benefit of less soft tissue dissection [125]. There are a plethora of studies
evaluating this technique and many show promising results with good outcome and
low complications rates. Some retrospective comparative reports suggest that CC
suspension devices are preferable to Kirschner wires and Bosworth screws [122,
128-130].
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Surgery for chronic ACJ dislocations

In the chronic situation the native ligaments are no longer able to heal, and a
reconstructive procedure is necessary. This procedure can be anatomic or non-
anatomic, use tendon grafts, synthetic grafts or ligament transfers, and include
different kinds of augmentations to protect the reconstruction during healing. There
are countless reports on different surgical techniques available but very few with a
high level of evidence [131]. Below two main concepts and techniques are
described.

Non-anatomic reconstructions

Arguably the most used reconstruction for ACJ dislocations is the CA ligament
transfer. It was first described by Cadenat in 1917 and is today known as the
Weaver-Dunn procedure after the authors of a report from 1972 [3, 4]. The
technique involves a distal clavicle excision followed by a transfer of the CA
ligament, with or without its bony insertion, from the acromion to the end of the
clavicle. To protect the reconstruction during healing the technique is usually
modified to include an augmentation, commonly a suture loop around the coracoid
process, Kirschner wires across the ACJ or a hook plate [5-7, 125].

Biomechanical research has shown that the Weaver-Dunn construct is significantly
weaker and less stiff compared to both the native ligaments and anatomical
reconstructions using tendon grafts. It also allows more movement in the ACJ
compared to other, anatomic, reconstruction techniques [132-136]. Clinical studies
report good patient related outcomes after Weaver-Dunn procedures, although with
a complication rate of around 20%. In comparative studies anatomic reconstructions
using tendon grafts have shown superior outcome. [115, 117, 136, 137]. These
reports have caused the Weaver-Dunn technique to fall out of favour

Anatomic reconstructions

Encouraging results from biomechanical and clinical research have caused the
popularity of anatomic reconstructions using tendon grafts to grow in the past two
decades [5-7, 117, 132, 134, 136]. The definition of an anatomic reconstruction and
the technique used varies between studies making the evidence heterogenous. There
are reports using allograft or autograft, reconstructing only the CC ligaments, or the
AC ligaments as well, through open surgery or an arthroscopically assisted
technique, including different types of augmentation, and different ways to pass the
graft. While most of the techniques can achieve good clinical results, some carry an
unacceptably high risk of complications [138-143].

A procedure with promising clinical and biomechanical results that is currently
widely used is the anatomic CC reconstruction (ACCR) [29, 81, 140, 144-146]. It
is performed using a tendon autograft or allograft, usually from the semitendinosus
or gracilis tendons. The graft is passed around the coracoid process and through drill
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tunnels corresponding to the insertion sites of the native CC ligaments. The ACJ is
then reduced, the graft tightened and secured using tenodesis screws in the
clavicular bone tunnels. The remaining graft tail can be used to reconstruct the AC
ligament. A strong non-absorbable suture is passed together with the graft to
augment the repair [ 144, 145].

Studies have shown excellent patient related outcome measures (PROMs) after
ACCR with near normal shoulder function [115, 140, 147, 148]. However, the
complication rate is concerning and may be as high as 25%, although most of these
adverse events are minor and do not necessitate reoperation or cause disability [131,
136, 140].

A possible problem with the ACCR is residual horizontal instability which may
correlate with poor results. It has been suggested that a reconstruction of the AC
ligaments in addition to the CC ligaments could improve outcome, but this is
controversial and further research is needed [96, 149, 150].

Measuring outcome

Measuring outcome is complicated as the tool needs to be both relevant to the
patient, clinically applicable and consistent. Objective measures such as strength
testing or radiographic changes can be used but do not always correlate with patient
symptoms or satisfaction. Therefore, patient related outcome measures (PROMs)
are increasingly popular.

PROMs

PROMs are commonly used in orthopaedic research to evaluate shoulder function
after injury or treatment. There are many to choose from, each with its pros and
cons, and currently no gold standard exists. In studies on ACJ dislocations the most
common is the Constant-Murley score. However, many others are also in use,
making comparison between studies difficult [151]. Today, there are scores
specifically designed to evaluate ACJ pathology, although, these are not available
in Swedish and need further validation [152-154]. As the upper extremity can be
considered to work as a unit it is questioned if joint specific PROMs are suitable as
outcome measures [155].
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A1ims

The overall aim of the thesis was to prospectively study different aspects of ACJ
dislocations including epidemiology, diagnosis and treatment.

Specific aims

L To describe the epidemiology of ACJ dislocations in a general
population, including incidence, patient demographics, injury
mechanisms, and distribution of classifications.

1L To evaluate if weighted or internal rotation radiographs are useful in the
classification of ACJ dislocations, specifically, if they uncover more
high-grade dislocations than non-weighted radiographs.

111 To study the patient related and radiographic outcome after Rockwood
type 1 and 2 ACJ dislocations.

Iv. To evaluate the outcome and complications for patients with chronic
Rockwood type 3-5 ACJ dislocations reconstructed using the AC-
GraftRope device.

V. To evaluate the knee related outcome and morbidity after gracilis

tendon harvesting in patients with no previous knee complaints
operated for chronic ACJ dislocation using an autologous gracilis graft.
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Patients and Methods

The patient cohorts

The patients for this thesis were included at Helsingborg hospital that resides in the
north-western part of Skéne, in the south of Sweden. The hospital has the only
orthopaedic emergency department in the area and provided service to 280 251
inhabitants by the end of the study period (December 31%, 2016). To maximize
recruitment all general practitioners and a majority of physiotherapists in the area
were contacted and asked to refer patients matching the inclusion criteria to us.
Papers I-1II prospectively included patients with acute ACJ dislocations, the acute
cohort. Papers IV and V included patients with chronic ACJ dislocations planned
for surgical treatment, the surgical cohort.

The acute cohort

Consecutive patients for papers I-11I were prospectively included from January 2012
to December 2016. For details on the cohort, see the consort diagram (figure 6).

Inclusion criteria

e Patient age 18-75 years.
e Shoulder trauma with suspected ACJ dislocation within the last 2 weeks.

e Fractures excluded on standard radiographs.

Inclusion process

Patients meeting the inclusion criteria were referred to specially trained shoulder
physiotherapists involved in the research group. The physiotherapist confirmed the
suspicion of an ACJ dislocation and informed about the study. Patients willing to
participate gave verbal and written consent. Data regarding demography and trauma
mechanism were registered, the PROMs used for follow-up were provided, and
patients were referred to perform study radiographs.

Subsequently, the patients were seen by one of 4 orthopaedic surgeons involved in
the study; the main author reviewed the majority of cases. Using clinical
examination and radiographs the ACJ dislocations were classified according to
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Rockwood, and, if needed, the treatment initiated during the emergency visit was
amended.

Exclusion criteria

All patients completing the inclusion process were analysed in paper I
(epidemiologic study). For papers Il (radiographic study) and III (outcome after
low-grade ACJ dislocations) patients with previous or ongoing shoulder problems,
or other physical and psychiatric disorders, that could potentially affect
classification or outcome were excluded. For paper II inclusion was halted in the
end of October 2016, 2 months earlier than for the rest of the studies.

[ Eligible patients (n=166) ]

:[ Did not complete inclusion process (n=5) ]

A 4

e 4 N\
Assessed anc_i classified Wrong diagnosis, not ACJ dislocations
by orthopaedic surgeon (n=4)
(n=161) L )
Excluded (n=13)
Previous ACJ dislocation (n=2)
> Clavicle fracture mal-union (n=4)
Other shoulder problems (n=5)
Psychiatric disorders (n=2)
L | J
Not included in time for Excluded Rockwood type
analysis (n=4) 3-6 dislocations (n=79)
\ 4 + +
[ Paper | (n=157) ] [ Paper Il (n=140) ] [ Paper Il (n=65)

Excluded (n=2)

Incorrectly marked
> Surgery before
radiographs (n=1) follstp (n=7)
Only 1 radiograph
(n=1)

A

Only 2 radiographs v
available (n=11) Follow up (n=58)
+ DASH (n=48)
EQ-5D (n=47)
Analysis of 403 Questionnaire (n=46)

radiographs in 138 Radiographs (n=35)

patients

Figure 6. Consort diagram for papers I-lil.
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The surgical cohort

The patients for papers IV (outcome after ACJ reconstruction) and V (outcome after
gracilis tendon harvest) were consecutively included between March 2011 and
December 2016. Paper V was designed in the end of 2011 and the first 5 patients
were included retrospectively in this study; the rest of the cohort was prospectively
included. For details on the cohort, see the consort diagram (figure 7).

Inclusion criteria
e Patient age 18-75 years.

e Rockwood type 3-5 ACIJ dislocation that was planned for reconstructive
surgery using a gracilis tendon autograft after at least 6 months of
conservative treatment had failed.

Inclusion process

All patients with ACJ dislocations planned for surgery at our institution were
matched to the inclusion criteria and eligible patients were asked to participate. The
patients were thoroughly informed about the risks and benefits of operative
treatment by one of four orthopaedic surgeons involved in the study and then
referred to the shoulder physiotherapists. The physiotherapist completed the
inclusion process and informed about follow-up procedures, obtained written
consent and pre-operative PROMs.

Exclusion criteria

Patients with psychiatric disorders or language barriers preventing them from
understanding the study protocol or performing adequate physiotherapy were
excluded. Paper IV investigated shoulder function after ACJ reconstruction and
patients with previous or ongoing shoulder problems likely to affect outcome were
excluded. Paper V evaluated lower limb function after gracilis tendon harvesting
and patients with previous or ongoing knee, or lower limb problems that would
potentially affect outcome were excluded.

Patients operated with ACJ
reconstruction using gracilis
tendon autograft (n=24)

A 4 +
Operated using AC Excluded (n=2)
GraftRope implant (n=8) Psychiatric disorder (n=1)
Chronic pain syndrome
(n=1)
v v
[ Paper IV (n=8) ] [ Paper V (n=22)

Figure 7. Consort diagram for papers IV-V.
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Imaging techniques

Study radiographs

The radiographic examinations used in the acute cohort were developed in
cooperation with radiologists and radiographers at the Helsingborg hospital
radiology department. A pilot study of 15 patients was performed to adjust the
imaging technique and ascertain that it was reproducible and provided radiographs
with similar projections of both shoulders allowing the CC interval to be compared
between sides.

The study examinations were performed with the patient standing and supporting
the upper back against a vertical surface. The patient did not move between
exposures and was asked to relax the muscles in the upper body. Three panorama
views including both CC intervals with a 10° cephalic tilt were taken. First a
weighted radiograph with 5 kg weight bracelets attached to the patients’ wrists,
second a non-weighted radiograph with the arms along the sides, and third an
internal-rotation radiograph where the patients’ hands were placed on the abdomen

(figure 8).

Figure 8. Patient positions for the study radiographs.
A. Weighted radiograph. B. Non-weighted radiograph. C. Internal rotation radiograph. The authors own photographs,
with permission from the model.

Measurements

The closest distance between the superior of the coracoid process and the inferior of
the clavicle, the CC interval, was measured bilaterally on all images (figure 4). The
increase of the CC interval on the injured side compared to the non-injured was
calculated in percent. In papers I and III classifications were performed at inclusion
by the orthopaedic surgeon using clinical examination and the non-weighted study
radiographs.
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In paper II a purely radiographic classification was used, and all images were
classified separately by two independent radiologists to compare if weighted, or
internal rotation radiographs uncovered more high-grade injuries than non-weighted
radiographs. A less than 25% increase of the CC interval was classified as a low-
grade injury, including both Rockwood type 1 and 2 dislocations as these cannot be
accurately separated without a clinical examination. A 25-100% increase of the CC
interval was classified as Rockwood type 3 and a more than 100% increase as type
5. In cases where the classification differed between radiographs the CC intervals
were scrutinized to determine the cause of the change as it could depend on both an
increase or decrease in either the injured or non-injured side.

As the aim of paper Il was to evaluate if the studied radiographic techniques are
useful in assessing the vertical instability of an ACJ dislocation no effort was made
to radiographically diagnose horizontal instability.

All radiographs were assessed using the hospitals image viewing software (Sectra
PACS, Sectra AB, Sweden) and measurements were made using the programs’
digital ruler. Images were not calibrated for size.

Follow-up radiographs

For paper III bilateral standard ACJ radiographs with a 10° cephalic tilt were
performed 24 months after the injury. Standard radiographs were chosen as they
were not intended for classification but used to diagnose radiographic changes
potentially related to the trauma, for example osteoarthritis, osteolysis and
heterotopic ossification.

Computed tomography (CT)

Standard shoulder CT scans were performed 12 months post-operatively on the
patients in paper IV to assess the position of the drill tunnels in the clavicle and
coracoid process.

Surgical techniques

All surgical procedures were performed by experienced consultant shoulder
surgeons.

CC ligament reconstruction

The patients in paper IV were operated using the AC-GraftRope device (Arthrex
Inc. Naples, FL) and a gracilis tendon autograft. The device is used to incorporate a
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tendon graft into a construct consisting of a clavicular washer and a coracoid flip
button connected by a No.5 FiberWire non-absorbable suture. The suture and
endobuttons act as a CC suspension device, augmenting the reconstruction while
the tendon graft heals. For details regarding the surgical technique see the attached
paper 1V, below follows a summary of the key steps.

Under general anaesthesia, in a beach chair position a standard diagnostic
arthroscopy was performed. Arthroscopic dissection was then carried out to identify
and free the inferior surface of the coracoid process. A superior incision over the
clavicle was made and a lateral clavicle excision performed. A drill guide was
introduced through an anterior incision, and using arthroscopy its lower part was
centralized under the base of the coracoid process and the top part on the superior
clavicle, corresponding to the middle of the CC ligaments insertion. Using the drill
guide, a guide pin was advanced through all 4 cortices of the clavicle and coracoid
process, and over-drilled using a cannulated 6 mm drill. The GraftRope device,
prepared with the gracilis autograft, was introduced through the bone tunnels until
the clavicle washer was flush with the bone and the coracoid button flipped under
the coracoid process. The FiberWire was tightened to hold the reduction and the
tendon graft secured in the clavicle using a tenodesis screw. The deltotrapezoid
fascia was repaired and the skin closed in layers.

Gracilis tendon harvest

The gracilis tendon autograft was harvested immediately before the shoulder
surgery. Under tourniquet an incision was made over the pes anserinus and the
sartorius fascia was incised. The common insertion of the gracilis and
semitendinosus tendons was located, and the gracilis was identified as the most
anterior of the two. Adhesions were bluntly dissected, and the tendon was extracted
using a standard tendon harvester. The wound was closed in layers.

Follow-up

Follow-up radiographs of the shoulder were performed immediately post-
operatively and after 6-8 weeks. Study follow-up for the shoulder surgery was
planned at 3, 6, 12, and 24 months and included PROMSs and clinical examination
by the shoulder physiotherapists. A CT scan of the shoulder was performed 12
months post-operatively and radiographs to evaluate the repair planned at 24
months. However, because of a high rate of complications the trial was halted
prematurely, and results are presented in paper IV. Follow-up of the knee was
conducted using PROMs at 12 months and measurement of knee flexion strength at
the end of the study period.
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Outcome measures

PROMs

Disabilities of the arm, shoulder, and hand (DASH)

The DASH score consists of 30 items scaled 1-5 where 5 represents maximum
disability. A total score ranging from 0-100 is calculated, higher score indicating
more disability. The DASH score has good reliability, validity and responsiveness.
The smallest difference in the score relevant to the patient, the minimal clinically
important difference, is 10. The DASH score has not been specifically validated for
use in patients with ACJ dislocations but is otherwise well studied [156, 157]. The
DASH score is used in papers Il and IV.

The Constant-Murley score

The Constant-Murley score is the most used outcome measure in research on ACJ
dislocations. It is divided into 4 sections where the patient answers the first 2
regarding pain and activities of daily living. In the remaining 2 an examiner
measures range of motion and strength. Pain is allotted 15 points and the worst pain
during the day is used as reference. The activities of daily living section is assigned
20 points and includes subjective assessment of shoulder function, work and
recreational activities, and sleep. For range of motion a maximum of 40 points is
available. Both forward elevation, abduction, internal, and external rotation are
evaluated. A final 25 points are allotted to strength which is measured using a
dynamometer. The final score ranges from 0-100 where a higher score represents
better shoulder function [109]. The Constant-Murley score was used in paper 1V,
functional assessment was performed by a shoulder physiotherapist and strength
was measured at 90° of abduction in the scapular plane using an IsoForceControl®
EVO2 dynamometer (MDS Medical Devise Solutions AG, Oberburg, Switzerland).

Knee injury and osteoarthritis outcome score (KOOS)

The KOOS is an outcome measure with 42 items across 5 separately scored
subscales; pain, other symptoms, function in daily living, function in sport and
recreation, and knee related quality of life. Each subscale is reported separately. The
function in daily living subscale is commonly more sensitive in older subjects and
the sport and recreation in younger [158, 159]. The KOOS is used in paper V to
evaluate subjective knee function after gracilis tendon harvest.

The EuroQol-5 dimension (EQ-5D)

The EQ-5D is a health-related quality of life outcome measure commonly used to
evaluate patients with upper extremity conditions [160]. It assesses 5 dimensions of
quality of life; mobility, self-care, usual activities, pain/discomfort, and
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depression/anxiety. It also contains a global quality of life self-assessment VAS
scale. In paper III the EQ-5D VAS scale is used to evaluate quality of life after low-
grade AC]J dislocations.

Knee flexion strength

In paper V knee flexion strength is measured bilaterally and the leg where the
gracilis tendon has been harvested is compared to the non-operated leg.
Measurements are performed isometrically in 60° and 90° of flexion using an
IsoForceControl® EVO2 dynamometer (MDS Medical Devise Solutions AG,
Oberburg, Switzerland). Isometric and isokinetic hamstring strength has been
shown to correlated and our measurements should therefore be comparable to other
studies measuring isokinetic force [161].

Statistical methods

Epidemiological calculations for paper I were made using population data from
Statistics Sweden, the government body responsible for statistics on the Swedish
society. Population at risk was defined as inhabitants between 18-75 years old living
in the catchment area on the 31* of December each of the studied years 2012-2016.
Incidence was calculated by dividing the total number of cases by the total number
of person-years at risk. In paper I patient age was grouped into 3 groups, and
Rockwood classification into low-grade injuries (types 1-2) and high-grade injuries
(types 3-6). Adjusted logistic regression was used to calculate the odds ratio (OR)
for high-grade injury depending on age group, gender and type of trauma. Poisson
regression was used to calculate incidence rate ratios between genders and age
groups.

The Wilcoxon signed rank test was used to compare radiographic classification
between radiographs in paper II, and KOOS scores between baseline and follow-up
in paper V. In paper Il a mixed models linear regression was used to compare the
measurements of the CC intervals on the injured side between radiographs.

In paper III the Mann-Whitney U test was used to compare DASH and EQ-5D VAS
between subgroups and cross tabulations with chi-square tests were used to compare
binary variables. Bootstrap technique was used to calculate confidence intervals
(ClIs) around median values.

For all papers normally distributed variables were presented as means and non-
normally distributed as medians. 95% Cls were used and p < 0.05 was considered
statistically significant. In papers I, II, and V SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for statistical calculations. In paper I1I SPSS Statistics for Macintosh
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version 26 (IBM Corp, Armonk, NY) was used, and in paper IV Microsoft Excel
(Microsoft, Redmond, WA).

Ethical considerations

The studies reported in papers I-V were approved by the Regional Ethical Review
Board in Lund after input from the regional committee for radiation safety (Dnr
2012/454,2016/491, 2016/962.)

All of the patients included in the prospective cohort were subjected to an additional
3 radiographs compared to patients not participating in the study. This corresponds
approximately to one day’s background radiation. The patients were thoroughly
informed.

The patients included in paper IV were operated using a new method with only a
case series of 10 patients with no reported complications available in the literature
beforehand. To evaluate the safety of this method we designed our prospective
study. The cohort was closely followed, and the trial was halted prematurely when
we noted a high rate of complications.
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Results in summary

Paper I

The aim of paper I was to describe the epidemiology of ACJ dislocations in a general
population. 157 patients with ACJ dislocations were included, the mean age was 39
years (range 18-74) and 139 (89%) were male. The men were slightly younger than
the women with a mean age of 35 years (range 18-74) compared to 45 years (range
27-64), respectively. The overall incidence was 2.0 (95% CI 1.7-2.4) per 10 000
person-years, decreasing with higher age group-wise (table 2).

ACJ dislocations were more common in younger patients and in males, but
interestingly we found an increased risk for high-grade injuries (Rockwood type 3-
6) in the older age groups compared to the younger. Injury during sports was the
most common trauma mechanism, but the risk for high-grade dislocation was
greatest when injured in traffic, and in this group bicycle accidents were particularly
common. See table 3 for a summary of trauma mechanisms.

Table 2. The incidence of ACJ dislocations per grade, gender and age group.

Person-years

Variable Subgroup Subgroup Cases (N) at risk (103) Incidence (Cl)
Total 157 781 2.0(1.7-24)
Injury type Low grade 72 781 0.92 (0.73-1.2)
High grade 85 781 1.1(0.88 - 1.3)
Gender Female 18 390 0.46 (0.29 - 0.73)
Male 139 391 3.6(3.0-4.2)
Age group 18-39 82 290 2.8(2.3-3.5)
40-59 61 288 21(1.6-27)
60-75 14 203 0.69 (0.41-1.2)
Gender and age group Female 18-39 5 142 0.35(0.15-0.84)
40-59 10 144 0.70 (0.38 - 1.3)
60-75 3 103 0.29 (0.09 — 0.90)
Male 18-39 7 147 52(4.2-6.5)
40-59 51 144 35(2.7-47)
60-75 11 100 1.1(0.61-2.0)
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Table 3. Trauma mechanisms, subgroups and the distribution of low/high-grade injuries.
Low-grade injuries are defined as Rockwood type 1-2 and high-grade as Rockwood type 3-6.

Total (%) Low-grade ACJ  High-grade ACJ

L G Gl dislocation (%) dislocation (%)
Total 157 72 (46) 85 (54)
Soccer 19 (12) 11 (15) 8 (9)
Martial arts 11(7) 8 (11) 3 (4)
Skiing 9 (6) 3(4) 6 (7)
Bicycle sport 8 (5) 4 (6) 4 (5)
Ice hockey 6 (4) 4 (6) 2(2)
Floorball 4(3) 2 (3) 2(2)
Horseback riding 5(3) 1(1) 4 (5)
Rugby/American 3(2) 1(1) 2(2)
football
Parkour 1(1) 1(1) 0
Bicycle Transport 29 (19) 5(7) 24 (28)
Motorcycle/moped 16 (10) 5(7) 11 (13)
Car 4(3) 2(3) 2(2)
Other traffic 5(3) 3(4) 2(2)
accident
Falls 32 (20) 18 (25) 14 (17)
Miscellaneous 5(3) 4 (6) 1(1)

Type of trauma subgroups Sports 66 (42) 35 (49) 31 (37)
Traffic accidents 54 (34) 15 (21) 39 (46)
Falls 32 (20) 18 (25) 14 (17)
Miscellaneous 5(3) 4 (6) 1(1)

Paper 11

The purpose of paper Il was to evaluate if weighted or internal rotation radiographs
uncovered more high-grade dislocations compared to non-weighted radiographs.
Two independent, experienced musculoskeletal radiologists measured the CC
interval bilaterally on all radiographs and the measurements were converted to
Rockwood classifications.

In the majority of cases the classification remained the same between radiographs
(figure 9). For the weighted radiographs compared to the non-weighted there were
as many upgrades as downgrades. For the internal rotation radiographs there were
slightly more downgrades than upgrades. When analysing the cases that changed
classification between radiographs different reasons for a change were found. The
CC interval both increased and decreased in the injured and non-injured shoulder in

54



weighted and internal rotation radiographs and no pattern of how the type of
radiograph affected the measurements could be identified.

The actual measurements of the CC intervals on the injured side were also compared
between radiographs. Relative to the non-weighted views we found that the CC
interval increased 0.5 mm (95% CI 0.37-0.65) in the weighted views, and 0.2 mm
(95% CI 0.04-0.33) in the internal rotation view.
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Figure 9. Distribution of changes of classification by radiographic view and radiologist.
The non-weighted radiographs are used as baseline to which the weighted and internal rotation radiographs are
compared.

Paper III

The aim of paper 111 was to evaluate outcome at 2 years in patients with Rockwood
type 1 and 2 ACJ dislocations. 65 patients met the inclusion criteria, the mean age
was 36 years (range 18-73), and there were 57 males and 8 females. Because of
persistent pain 7 patients, 4 men and 3 women with a mean age of 37 years (range
26-48), underwent surgery with an open lateral clavicle excision before final follow-
up.

Median DASH and EQ-5D VAS scores at follow-up were 1 (95% CI 0-4) and 88
(95% CI 85-90) respectively. On the question “are you satisfied with your shoulder

as it is today?” 18 out of 46 responders answered “no” and for this group Mann-
Whitney U tests showed significantly worse median PROMs (DASH 13 (95% CI 5-
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27), EQ-5D VAS 83 (95% CI 80-85)) compared to patients who were satisfied with
their shoulder (DASH 0 (95% CI not applicable), EQ-5D VAS 90 (95% CI 90-95)).
There were no significant differences in PROMs when comparing patients grouped
for Rockwood type, or for the presence of radiological findings. Further, there were
no associations between satisfaction with the shoulder and Rockwood type or
radiological findings.

Paper IV

The purpose of paper IV was to conduct a case series of 30 patients with follow-up
at 3, 6, 12, and 24 months to evaluate the results and safety of the new surgical
method AC-GraftRope (Arthrex Inc. Naples, FL). However, because of a high rate
of complications the trial was halted prematurely.

After 8 patients had been operated 4 had suffered a loss of reduction. The reasons
were coracoid fractures in 3 cases, and a failure of the device in one case. All
complications were non-traumatic and occurred within 6 weeks of the surgery. The
patients had cooperated with the prescribed post-operative immobilisation and
rehabilitation. CT scans revealed that the 6 mm drill tunnel in the coracoid process
was non-central in 6 out of 8 cases, possibly leading to an increased fracture risk
(figure 10).

Figure 10. CT scans showing drill tunnels in the corcoid process in three patients.
A. Medially, and distally placed drill tunnel on transversal view. B. Laterllay placed tunnel on coronary view. C.
Laterally placed tunnel on transversal view.

Due to the results of paper IV we changed the surgical method for reconstruction of
chronic ACJ dislocations. Today we use the ACCR and this technique is described
above under the “Surgery for chronic ACJ dislocations” section. We have continued
to follow patients according to the protocol designed for paper IV and between
2012-2017 16 patients have been evaluated after ACCR for 2 years post-operatively.
In this group we observed 3 partial losses of reduction without trauma and with
moderate symptoms that did not require revision surgery. Further, after a minor
trauma 6 weeks post-operatively there was one complete loss of reduction with
return of preoperative pain and impaired function. Conservative treatment was
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attempted but failed. Subsequently, this patient moved and was lost to follow-up. A
further 3 cases of asymptomatic partial losses of reduction were noted on follow-up
radiographs within 6 months post-operatively. Constant-Murely and DASH scores
for the entire group operated with ACCR improved over time and were excellent at
24 months (table 4). A manuscript reporting these results has not been prepared
because of the small number of patients included and the presence of other
publications on the topic [139, 140].

Table 4. Patient related outcome measures for the 16 patients operated with ACCR.
IQR, inter-quratile range.

Pre-operatively 3 months 6 months 12 months 24 months

Cosnstant-Murley

Responders (n) 16 16 15 16 13

Median score (IQR) 63 (52-73) 65 (56-82) 89 (76-90) 87 (77-92) 93 (84-95)
DASH

Responders (n) 15 16 15 16 13

Median score (IQR) 31 (23-39) 27 (14-40) 11 (7-18) 10 (5-23) 5(3-17)

Paper V

The aim of paper V was to evaluate morbidity and patient related outcome after
gracilis tendon harvest in patients with no previous knee problems. Analysis
included 22 patients, 18 were male and 4 female and the mean age was 44 years
(range 22-62). Pre-operative KOOS scores were available for 17 of the patients and
for the remaining 5 age and gender matched normative values were used as baseline.
There were no significant differences in any of the KOOS subscales at 12 months
compared to baseline values (figure 11).
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Fixure 11. Baseline and 12 month KOOS profile curves.
Acticities of daily living, ADL. Sports and recreation, SR. Quality of life, QoL.

Isometric hamstring strength was tested in all patients at a mean of 26.5 months
(range 14-56) post-operatively. The operated leg was significantly weaker than the
non-operated and performed 93% and 83% of the force at 60° and 90°, respectively.
No severe post-operative complications were noted.
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General discussion

The research questions for this thesis were designed to address clinically relevant
topics where previous data was inadequate or lacking. Patients for papers I-111 were
prospectively recruited from a general population allowing conclusions that are
broadly applicable and not restricted to selected groups, such as specific athletes. In
paper I we describe the risk factors and incidence of ACJ dislocations, and traits
associated with high-grade injuries. Together with reports published during the time
that our studies were conducted there is now much better knowledge of the
epidemiology of ACJ dislocations. In paper II a long standing controversy regarding
the efficacy of weighted radiographs is investigated and we find that such images
are not helpful in the classification of ACJ dislocations and advice against their use.
In paper 111 we show that close to one third of patients with Rockwood type 1 and 2
AC]J dislocations are not satisfied with their shoulders indicating that implications
of these injuries are often underestimated.

Papers IV and V included patients that were planned for surgical reconstruction of
chronic ACJ dislocations. In paper IV a new surgical technique was evaluated, and
we found a high complication rate. During the follow-up of our patients other
authors published similar results [162, 163]. The outcome after gracilis tendon
autograft harvest was reported in paper V. The certainty of our conclusion is limited
by the small sample size of only 22 patients, but our results indicate that the use of
gracilis tendon autografts is well tolerated.

Epidemiology

The incidence of ACJ dislocations in paper I was 2.0 (95% CI 1.7-2.4) per 10,000
person-years for the entire cohort, decreasing with higher age (table 2). Incidences
have been reported previously both in studies specifically investigating ACJ
dislocations and more population based studies on shoulder injuries in general [61,
62, 73, 74]. Two studies on the same cohort reported the highest incidence in the
literature, 4.5 per 10,000 person-years, more than twice compared to our study. The
patients of this cohort were classified retrospectively based on radiographs and
medical records, hence, classification criteria differed from ours. Regardless, the
biggest difference in incidence was seen in low-grade injuries. A possible
explanation is that patients in our area might have been less likely to seek care at

59



our department, or at all, when suffering a low-grade dislocation. Indeed, the
referenced authors state that 83-86% of their population used their department in
case of upper extremity injury [62, 74]. No such estimates are available for our
population. Two other studies report incidences for ACJ dislocations of 0.8 and 1.8
per 10,000 person-years respectively [61, 73]. The study reporting the lowest
incidence was performed in 1987 in Malmo, Sweden, an area close to where this
thesis was conducted. The reason for the low incidence is difficult to determine but
might be due to a definition of ACJ dislocation that relied on radiographically
visible separations, thus excluding Rockwood type 1 and many type 2 injuries [73].

The typical patient with an ACJ dislocation has previously been reported as a young
man injured during sports, which was confirmed in our study with men representing
89% of the patients and with 42% of the injuries occurring during sports [61, 62].
We are, however, the first to report odds ratios for Rockwood type 3-6 dislocations
comparing age groups and trauma mechanisms. Our results show an increased risk
for high-grade injuries with older age and when injured in traffic.

A particularly risky activity seems to be bicycling, causing 24% of all ACJ
dislocations and 33% of all high-grade injuries. More than three fourths of bicycle
injuries were Rockwood type 3-6. It has been previously shown that bicycling is a
common trauma mechanism but the frequency of high-grade injuries has not been
reported before [61, 62].

Weighted and internal rotation radiographs

Weighted radiographs have been widely recommended historically, and, while
decreasing in popularity, are still in use today [30, 31, 39, 40, 96, 164, 165]. Despite
their common use, evidence regarding their efficacy is scarce with only two
retrospective studies presenting contradictory conclusions [37, 38]. In the study by
Bossart et al. 83 pairs of weighted and non-weighted bilateral radiographs were
studied to investigate if weighted views uncovered Rockwood type 3 dislocations
not diagnosed in non-weighted radiographs. Similar to our results, they found that
weights affected the CC interval in both the injured and non-injured shoulder
causing both upgrades and downgrades, and recommend that stress views should be
abandoned. Unfortunately, patients with Rockwood type 4 and 5 injuries were
excluded from the analysis limiting the conclusion [38]. In paper Il we show that
similar observations can be made when all Rockwood types are included.

In a study of 59 pairs of weighted and non-weighted bilateral radiographs Ibrahim et
al. conclude that weighted radiographs are important to correctly diagnose Rockwood
type 5 injuries as they found 10 cases of upgrades from type 3 to type 5 and no
downgrades at all. This is in stark contrast to our results where we found as many
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upgrades as downgrades. We have no explanation for this difference as our method
of analysing the radiographs was similar to that reported by Ibrahim et al [37].

Internal rotation radiographs have been suggested as an alternative to weighted
views based on the results of a laboratory study of 3 cadaveric shoulders [41]. In
paper Il we found no evidence to support this recommendation, on the contrary,
internal rotation views caused more downgrades than upgrades compared to non-
weighted views. It is possible that more exaggerated internal rotation with the
patients’ hands placed on the back could have given a different result, but this
position is often very painful after an acute ACJ dislocation and compliance would
likely be a problem.

Another way of using the radiographs is to compare the measurements of the injured
CC intervals in the weighted and internal rotation views to the non-weighted views.
Identification of injuries that are more vertically unstable than visible on non-
weighted radiographs would thus be possible. We found a mean CC interval
increase of 0.5 mm in the weighted views and 0.2 mm in the internal rotation views
compared to the non-weighted radiographs. While these differences were
statistically significant, they were clinically irrelevant.

In 2 American shoulder and elbow surgeons surveys the reported use of weighted
radiographs is declining. In 1999 43% out of 105 responders used weighted views,
however, out of these only 49% stated that the weighted views would change their
initial treatment choice [39]. In a similar study from 2018 only 14% out of 37
responders preferred weighted views, although 73% reported that weighted views
were obtained at their institution, ordered by other providers [40]. With the
conclusions from paper Il we provide evidence to support this decline in the
popularity of weighted radiographs.

Outcome after Rockwood type 1 and 2 ACJ dislocations

In Rockwood type 1 and 2 injuries the ACJ is not properly dislocated and treatment
is always conservative in the acute phase. These injuries are therefore easily
misconceived as benign when most studies on the subject, in fact, present a
considerable frequency of sequela [78-80, 83, 84]. However, the majority of these
reports suffer from suspected sampling bias or consist of small, retrospective case
series, and more high-quality evidence is warranted. In our study we confirm
previous observations and show that one third of the patients with low-grade ACJ
dislocations are unsatisfied with their shoulder 2 years after the injury.

In two previous studies on samples of navy servicemen residual symptoms were
reported in 36-39% of patients with Rockwood type 1 injuries and 48-65% of
patients with type 2 injuries. These are the highest frequencies of sequela in the
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literature and the only reports where differences between Rockwood types have
been noted [83, 84].

We found no difference in PROMs based on the presence of radiographic findings
and no association between radiographic findings and satisfaction with the shoulder,
results that are in line with previous publications [82-84]. However, in all reports
on the subject, the radiographic findings were pooled into a binary variable and not
separately evaluated. It is possible that certain radiographic changes are associated
with symptoms while the majority is not, and further research would be needed to
answer this.

In paper II 7 out of 65 patients underwent surgery because of pain and impaired
shoulder function before final follow-up. A lateral clavicle excision was performed
in all cases. This was considered an endpoint and the patients were not followed
further. The need for surgery has only been reported in one previous study where 9
out of 33 patients were operated, the high frequency of surgical treatment in this
report compared to our study is possibly explained by the inclusion of younger
patients and more athletes [78].

Surgical treatment of chronic ACJ dislocations

The treatment of chronic ACJ dislocations is challenging which is reflected by the
abundance of operative procedures available [5-7, 131]. When paper IV was
designed we were searching for a better surgical technique at our institution as we
were not satisfied the Weaver-Dunn procedure despite modifications with different
augmentations. The AC-GraftRope (Arthrex Inc. Naples, FL) technique was
described in a case series of 10 patients with no complications and excellent
outcome [166]. After practicing with the device in a laboratory setting on cadaveric
shoulders our prospective case series was planned. The trial was halted prematurely
after reduction was lost in 4 out of 8 patients.

Three out of 4 losses of reduction were caused by fractures through the bone tunnels
in the coracoid process and CT scans of all patients revealed that the drill tunnels
were non-central in 6 out of 8 patients. Research published after our trial had been
halted helps to explain the mechanisms behind our failures [167-169]. As the
required drill diameter is 6 mm and the average coracoid width is 15 mm a central
tunnel placement is critical to avoid an increased fracture risk [168, 170]. Studies
on CT models show that separate drilling of the clavicle and coracoid process is
necessary to achieve an approximately anatomic position of the drill tunnels and
allow the graft to pass near the path of the native CC ligaments. When using a drill
guide in arthroscopically assisted surgery only straight trajectory drilling through
all four cortices of the clavicle and the coracoid process is possible, making
anatomic tunnel placement impossible [167, 169].
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Paper IV is not the only clinical trial to report adverse events with the AC-GraftRope
device. Two studies reports loss of reduction in 8 out of 10 patients respectively, both
due to coracoid fractures and other modes of failure [162, 163]. In an evaluation of a
surgical technique where 4.5 mm bone tunnels are used 6 out of 63 patients suffered
fractures of the coracoid process [171]. The TightRope (Arthrex Inc. Naples, FL) is
another device used to treat acute ACJ dislocations without incorporating a tendon
graft. In this technique 4 mm bone tunnels are used and coracoid fractures have been
reported but are uncommon [122, 172]. This possibly indicates that bone tunnels with
a diameter greater than 4 mm constitute a fracture risk.

After ceasing to use the AC-GraftRope device we adopted the ACCR technique.
The amount of mechanical failures was still high with losses of reduction in 7 out
of 16 patients. However, only 1 patient suffered a complete loss of reduction with
severe symptoms, a further 3 were partial losses of reduction with mild symptoms
and 3 were completely asymptomatic only diagnosed on follow-up radiographs. The
consequences of these mechanical failures thus seem less serious compared to the
patients who suffered failures after AC-GraftRope surgery. The PROMs for the
ACCR group improved over time and were excellent 2 years post-operatively.
These findings with high complication rates but good outcomes are supported by
other reports [131, 139, 140, 173].

Outcome after gracilis tendon harvest

In paper V the outcome after gracilis tendon harvest from patients with no previous
knee complaints was investigated. In a previous retrospective study 22 patients were
evaluated. The authors concluded that 95% of the patients were satisfied with the
result, but knee flexion strength was decreased. The strength of the conclusion is
limited by a loss to follow-up of almost 50%, but similar to our results [174].
Recently, a study very similar to paper V was published. In this report 12 patients
who had undergone ACJ reconstruction using gracilis tendon autografts were
retrospectively evaluated to assess the effects of tendon harvest from a healthy knee.
Similar to paper V excellent PROMs were reported, but unlike our results there was
no decrease in knee flexion strength [175]. Paper V and the two studies referenced
above are unique in that they evaluate the effects of gracilis tendon harvest from a
knee with no pre-existing morbidity and where no further surgery is planned. The
common conclusion is that subjective knee function is not affected by the procedure,
while the results regarding knee flexion strength differ. Since autografts are
commonly used in reconstructive surgery the results of these reports are of interest
to the entire orthopaedic community.

In paper V KOOS was analysed 12 months post-operatively and no significant
differences from baseline scores were identified for any of the subscales. There are
2 studies evaluating patients after anterior cruciate ligament reconstructions where
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the gracilis and semitendinosus tendons were harvested from the contralateral leg.
In one of these subjective symptoms had resolved within 3 months post-operatively
and in the other improvement was seen up to, but not after, 12 months [176, 177].
Together with our results this indicates that recovery after gracilis tendon harvest is
complete within one year post-operatively.

However, in paper V the post-operative KOOS values were slightly lower for all the
subscales compared to baseline. This was most visible in the sports and recreation
subscale, indicated by a bump in the KOOS profile curves (figure 11). With a larger
sample size it is possible that these differences would have been significant and for
certain patients graft harvest might be less well tolerated.

Limitations

This thesis has several limitations and for details the reader is referred to the attached
papers.

In the acute cohort that formed the patient sample for papers I-1II we have several
indications that inclusion was incomplete, likely due to some patients not being
referred to our institution and others not seeking care at all. In a Norwegian
population based study the incidence of low-grade injuries was 3 times higher than
ours while the incidence of high-grade injuries was similar [74]. It is unlikely that
this is due to an actual difference in injury pattern and we probably have a skewed
inclusion with relatively few low-grade injuries. We have also included
conspicuously few patients from the elite football and ice-hockey teams in the area
and the teams own medical staff have perhaps handled some injuries without referral
to us. For this reason, the incidence presented in paper I should be considered a
minimal estimate with the true incidence likely being higher, especially for
Rockwood type 1 and 2 dislocations. Potentially, this also affects the conclusions of
paper III as the patients that did not seek care could have less symptoms, and thus
the analysis of the included patients might overestimate sequela after low-grade ACJ
dislocations. The clinical relevance of this may, however, be questioned, as the
results of paper III should be used to improve counselling and the conclusions
should be considered applicable only to the patients that do seek care following ACJ
injury.

Our inclusion criteria also limited the cohorts to patients aged 18-75 years and it is
possible that certain injuries were thereby missed. However, ACJ dislocations are
pathoanatomically different in the skeletally immature where the periosteal tube is
ruptured instead of the ligaments and it is therefore reasonable to have 18 years as
the lower age limit despite the risk of missing some older adolescents with adult
type injuries [178]. ACJ dislocations are also virtually non-existent in patients older
than 75 years [61, 74].
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Horizontal instability after dislocation of the ACJ has been shown to affect outcome
but there is controversy regarding the optimal method to diagnose such instability
[35, 42-44, 49, 56, 96]. At our institution standard radiographs to assess suspected
AC] dislocations do not include images to evaluate horizontal instability, and as no
study on the topic was planned for the thesis, we chose not to include such
radiographs. Horizontal instability was clinically evaluated by the orthopaedic
surgeon at patient inclusion.

In papers III-V PROMs were used to evaluate the patients at follow-up. While
common in orthopaedic literature their use has both pros and cons. When the work
on this thesis was started there were no ACJ specific outcome measures available
and we were referred to using other tools. The Constant-Murley score was chosen
as it is the most commonly reported outcome measure in studies on ACJ
dislocations. The DASH score was used because it is a well-studied general upper
extremity score. For assessing patients after gracilis tendon harvest in paper V the
KOOS was chosen as it is thoroughly evaluated and widely used. Despite motivated
choices, none of the scores were validated for our specific conditions and it is
therefore possible that they were not sensitive enough accurately measure relevant
outcome.

In paper IIIl we had methodological limitations. Firstly, we failed to obtain pre-injury
PROMs which could have been easily done at inclusion by asking the patients to
answer the questions as if not yet injured. This would have provided a baseline to
which follow-up values could be compared. Secondly, surgery was considered an
endpoint and the 7 patients operated were not further evaluated. It is possible that
an intention to treat follow-up protocol would have been more suitable. The 7
patients had severe symptoms and as they were excluded evaluation of the
remaining patients likely underestimates sequela after low-grade ACJ dislocations.
If the operated patients had been included in the final follow-up the uncertainty of
how these patients would affect the overall results could have been controlled for.

In paper V there are methodological limitations as this paper was designed a few
months after we had started the surgical study for paper IV. Therefore, the first 5
patients were included retrospectively, and preoperative PROMs were not available.
An option would have been to exclude these patients but as ACJ reconstructions are
quite rare that would have resulted in a relatively large loss of information.
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Conclusions

e The incidence of ACJ dislocations is 2.0 per 10,000 person-years in a
general population, decreasing with higher age. Male gender and sports are
risk factors for injury, while old age and traffic accidents are risk factors for
high-grade dislocations.

e Weighted and internal rotation radiographs are not useful in the
classification of ACJ dislocations and we advise against their use.

e Almost one third of patients with Rockwood type 1 and 2 ACJ dislocations
are unsatisfied with their shoulder 2 years after the injury.

e  We advise against using the AC-GraftRope device with 6 mm bone tunnels
in the coracoid process because of the high risk of fracture.

e  Qracilis tendon harvest results in a decrease in knee flexion strength but not
in KOOS and this procedure is likely well tolerated.
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Future perspectives

In certain aspects research on ACJ dislocations is challenging and many questions
remain unanswered. To enable future high-quality studies some new key evidence
is needed. To allow better evaluation of treatment methods, further development of
AC]J specific outcome measures is warranted. Today there are ACJ specific PROMs
but these need to be translated to various languages and more thoroughly validated.
It is also necessary to continue the development of radiographic techniques,
specifically to evaluate horizontal instability of the ACJ as this seems to affect
outcome. There are publications describing simple and reproducible methods, but
validation studies are needed.

When improved diagnostics and outcome measures are in place the possibility of
conducting quality treatment studies will be much improved. Since surgical
treatment is relatively rare prospective multi-centre trials will be necessary to further
develop and evaluate reconstructive techniques and, in the end, maybe find a method
that can be considered a gold standard. Improved diagnostics and outcome measures
will also help conduct important longitudinal research on large patient groups with
the aim of identifying factors associated with poor outcome, thus maybe enabling
us to identify patients in need of surgery earlier.

Another aspect that could be further researched are the methods for conservative
treatment. Today, evidence is very limited and developing better physiotherapy
regimes may be beneficial. An interesting study would be to randomize patients
between a best practice ACJ specific physiotherapy program and routine treatment
where patients are advised to find a physiotherapist on their own. The results could
be used to improve the treatment of the majority of patients with ACJ dislocations.
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ARTICLE INFO Background: Acromioclavicular joint (AC]) dislocations are common but evidence regarding the

epidemiology of these injuries is incomplete. This study aims to describe the incidence, injury mecha-

Keywords: nisms, distribution of classifications, risk factors, and patient characteristics for AC] dislocations in a
Acromioclavicular joint general population.

dislocation Methods: Inclusion was performed prospectively during a 4-year period with the following criteria; age
Zeli)g;?i?)?o 18-75 years, shoulder trauma within 2 weeks, a clinical suspicion of ACJ dislocation, and radiographs that
irlljcidence &y excluded fracture. The injuries were classified according to the Rockwood system, and epidemiologic

variables were obtained. Rockwood types 1-2 were defined as low-grade injuries and types 3-6 as high-
grade. Age groups were defined with a young group (18-39 years), an intermediate group (40-59), and an
old group (60-75).
Results: A total of 158 patients were included; 139 were male and the mean age was 39 years (range 18-
74). There were 73 low-grade and 85 high-grade injuries. The incidence was 2.0 [95% confidence interval
(CI) = 1.7-2.4] per 10,000 person-years, gradually decreasing with higher age, groupwise. The incidence
rate ratio (IRR) for men vs. women was 7.6 (95% CI = 4.7-12.6) and IRR >1 was seen comparing younger
age groups to older. Odds ratio calculations showed that risk factors for high-grade injury were older age
and traffic accidents.
Conclusion: The incidence of ACJ dislocations was 2.0 per 10,000 person-years in a general population.
Male gender and younger age group were risk factors for injury, whereas the risk for high-grade injuries
were greater in older patients and after traffic accidents.

© 2020 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/).

classification

Level of evidence: Level III; Cross-Sectional
Design; Epidemiology Study

Acromioclavicular joint (AC]) dislocations are common, repre-
senting 10% of all shoulder injuries in an urban population.’ A direct
force to the superior acromion is the most common trauma
mechanism, and with increasing force the soft tissues stabilizing
the joint are assumed to be disrupted sequentially in the following
order: the acromioclavicular (AC) ligaments, the coracoclavicular
ligaments, and the deltotrapezoidal fascia. Depending on the extent
of soft tissue injury, AC] dislocations are classified using radio-
graphs and clinical examination into 6 different types according to
Rockwood.>!1?

Despite the common occurrence of ACJ dislocations, we have
found only 1 previous study presenting detailed epidemiologic data
and an incidence of 1.8 per 10,000 person-years.” It used a retro-
spective database search to identify participants, but no

The study was approved by the Regional Ethical Review Board in Lund (Dnr 2012/
454),
* Corresponding author: Jonas S. Nordin, MD, Ortopedmottagningen, Helsing-
borgs lasarett, Charlotte Yhlens gata 10, 251 87 Helsingborg, Sweden.
E-mail address: jonas.nordin@med.lu.se (J.S. Nordin).

https://doi.org/10.1016/j.jseint.2020.01.009

prospective study has confirmed the results. Two further studies
covering the epidemiology of all shoulder girdle injuries in 2 urban
populations report incidences for ACJ dislocations of 4.6 and 0.8 per
10,000 person-years, respectively.>'®

Although evidence from a general population is limited to the
studies above, the epidemiology of AC] dislocations in selected
populations of sports participants is more thoroughly described.
The injury is common in contact sports such as American football,
rugby, and ice hockey.%*%"* It is also common in noncontact, high-
speed sports such as skiing and cycling.*’

The aim of this study was to describe the incidence, injury
mechanism, patient characteristics, and classification of ACJ dislo-
cations in a general urban population and suggest risk factors
associated with this injury.

Materials and methods

Between January 2013 and December 2016, patients were pro-
spectively included according to the following inclusion criteria:
age 18-75 years, shoulder trauma within 2 weeks, a clinical

2666-6383/© 2020 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/).
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suspicion of AC] dislocation, and initial radiographs that excluded
fracture. The study was conducted in the south of Sweden at Hel-
singborg hospital with a catchment area that consists of 8 neigh-
boring municipalities of mainly urban population with a total of
280,251 inhabitants on December 31, 2016. The hospital has the
only orthopedic emergency department in the area, and the staff
working there were continuously informed about the study. To
further increase recruitment, information was given to all primary
care facilities and physical therapists in the area, and they were
encouraged to refer patients meeting the inclusion criteria to us.

Eligible patients were identified and routine treatment was
initiated, after which the patients were referred to one of 4
different study group physiotherapists with special shoulder
training. They confirmed the suspicion of AC] dislocation, acquired
written consent to participate, and ordered study radiographs
where both ACJ were exposed in a nonweighted panorama view.
The patients were then seen by one of the study group orthopedic
surgeons, who confirmed the diagnosis and classified the injury
according to Rockwood using clinical examination and radiographs
(Table I). Epidemiologic data including gender, age, injury mecha-
nism, and type of trauma were acquired. Injury mechanism was
divided into direct and indirect force, and type of trauma was
defined as the activity during which the injury occurred.

The patients were subdivided into 3 age groups: the young
group, 18-39 years; the intermediate group, 40-59 years; and the
old group, 60-75 years.” Type of trauma was grouped into 4
different categories: traffic accidents, sports, falls, and miscella-
neous. Traffic accidents included all injuries to patients traveling in
or on vehicles, both motorized and nonmotorized. Injuries during
bicycle riding were divided according to the purpose of the ride
between the sports and traffic accidents categories. We defined
Rockwood type 1 and 2 as low-grade injuries and type 3-6 as high-
grade injuries.

The population at risk was defined as the sum of persons aged
18-75 years living in the catchment area on December 31 for each of
the studied years 2013-2016. The catchment area consisted of the
municipalities Bjuv, Bastad, Helsingborg, Hoganis, Klippan, Astorp,
Angelholm, and Orkelljunga. Population data were retrieved from
Statistics Sweden, the government agency responsible for statistics
regarding the Swedish society.

Statistics

The incidence was calculated by dividing the total number of
cases by the total number of person-years at risk and presented as
number of cases per 10,000 person-years. An adjusted logistic
regression model was used to calculate the odds ratios for high-
grade injury depending on the epidemiologic variables of gender,
age group, and type of trauma. Poisson regression was used to
calculate incidence rate ratios (IRR) between genders and age
groups; 95% confidence intervals (CI) were used throughout.

Table I
Definition of Rockwood classification
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Calculations were performed using SAS 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results

One hundred sixty-six patients were included and, from among
them, 9 were subsequently excluded, leaving 157 patients in the
study (Fig. 1). The mean age was 39 years (range 18-74), and 139 of
the patients (89%) were male. For the male patients, the mean age
was 35 years (range 18-74), and for female patients, it was 45 years
(range 27-64).

The overall incidence was 2.0 (Cl 1.7-2.4) per 10,000 person-
years, gradually decreasing with higher age, groupwise (Table II).
There were 21 Rockwood type 1 AC] dislocations (13%), 51 type 2
(32%), 52 type 3 (33%), 2 type 4 (1%), and 31 type 5 (20%). In total,
there were 72 low-grade (46%) and 85 high-grade injuries (54%).

A(] dislocations were more common in the younger age groups
and in males, with an IRR of 7.6 (95% Cl 4.7-12.6) for men vs. women
(Table III). Although more common in younger patients, the
severity of the injuries increased with age, with an odds ratio for
high-grade injury of 2.6 (95% CI 1.2-5.4) comparing the interme-
diate to the young age group, and similar trends when comparing
the old age group to the intermediate, odds ratio 3.6 (95% CI 0.89-
14.1) (Table 1V).

The patients were most commonly injured during sporting ac-
tivities or traffic accidents, with the 2 categories representing 66
(42%) and 54 (34%) of cases respectively (Table V). A direct force to
the shoulder was the cause of injury in 150 of the cases (96%).
Although injuries during sports were the most common, traffic
accidents held the greatest risk of causing a high-grade dislocation
when compared to the other types of mechanisms (Table IV).

In the young age group injuries during sports were most com-
mon, in the intermediate age group traffic accidents, and in the old
age group falls (Table VI).

Discussion

This is the only prospective study that in detail describes the
epidemiology of AC] dislocations in a general population. We
calculated the incidence to 2.0 per 10,000 person-years for people
aged 18-75 years and found that male gender and young age were
risk factors. The risk of high-grade dislocation was greater in older
patients and when injured in traffic accidents.

The incidence of AC] dislocations in a general population has
been previously described in 3 studies.>>'° The most recent of
these, by Enger et al,” was prospective and aimed at presenting the
profile of shoulder injuries in a general population. They divided
the AC] dislocations into 2 groups, “AC contusion/sprain/strain” and
“AC separation/dislocation”; in the contusion/sprain/strain group,
radiographs were normal, and in the separation/dislocation group,
there was widening of the ACJ or coracoclavicular interval. These

Rockwood type  AC ligaments CC ligaments Deltotrapezoidal Radiographs Clinical examination of ACJ
fascia
1 Intact or partial injury  Intact Intact Normal Stable
2 Torn Intact or partial  Intact Normal or widening of ACJ and/or slight Horizontal instability
injury increase in CC distance
3 Torn Torn Lateral avulsion 25%-100% increase in CC distance Horizontal and vertical instability
4 Torn Torn Dorsal injury Increased or normal CC distance. Possibly ~ Large horizontal instability
visible on lateral or axillary view
5 Torn Torn Torn >100% increased CC distance Horizontal and large vertical instability
6 Torn Torn Torn Inferior dislocation of clavicle High risk of neurovascular insult

AC, acromioclavicular; CC, coracoclavicular; ACJ, acromioclavicular joint.
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Figure 1 Flow chart describing inclusion of patients.

subgroups were similar but not identical to our low- and high-
grade groups. An incidence of 4.6 per 10,000 person-years was
reported, more than twice compared to our study. This high inci-
dence appears to be explained by a large number of AC contusions/
sprains/strains, 3.1 per 10,000 person-years compared to our

Table Il
Overall incidence per gender and age group
Variables Cases, n Person-years Incidence (95% CI)
at risk, 10°
Total 157 781 2.0 (1.7, 2.4)
Injury type
Low grade 72 781 0.92(0.73,1.2)
High grade 85 781 1.1 (0.88, 1.3)
Gender
Female 18 390 0.46 (0.29, 0.73)
Male 139 391 3.6(3.0,4.2)
Age group
18-39y 82 290 2.8(2.3,35)
40-59 y 61 288 2.1(1.6,2.7)
60-75y 14 203 0.69 (0.41, 1.2)
Gender and age group
Female
18-39y 5 142 0.35(0.15, 0.84)
40-59y 10 144 0.70 (0.38, 1.3)
60-75y 3 103 0.29 (0.09, 0.90)
Male
18-39y 77 147 52 (4.2, 6.5)
40-59y 51 144 3.5(2.7,4.7)
60-75y 1 100 1.1 (0.61, 2.0)

(I, confidence interval.
Person-years at risk is the sum of population in our catchment area. Incidence was
calculated as cases per 10,000 person-years.

Table III

Incidence rate ratios (IRRs) for subgroup comparisons
Variable Comparison IRR (95% CI)
Gender Male vs. female 4.7,12.6)
Age group, y 18-39 vs. 40-59 0.95, 1.8)

76 (
1.3(

18-39 vs. 60-75 40(23,7.0)
40-59 vs. 60-75 3.0(17,54)

Cl, confidence interval.
Calculations using adjusted poisson regression.

results for low-grade injuries of 0.93 per 10,000 person-years. The
AC contusion/sprain/strain group of Enger et al includes all Rock-
wood type 1 and many of the Rockwood type 2 injuries, almost
identical to our low-grade group, making the large difference in
incidence between our studies peculiar. The incidence of high-
grade injuries differed less, 1.4 compared to 1.1. To what extent
these results reflect a true difference in incidence in the 2 studied
populations, possibly related to demographic factors or different
sporting or traffic habits, cannot be determined. However, we
believe it likely that some patients with low-grade injuries were
missed in our study because of patients seeking care elsewhere or
not seeking care at all. Enger et al presented data to suggest that
83%-86% of their catchment population used their department in
case of upper extremity injuries. No data were available to make
similar estimates regarding our geographical area.

The study by Nordqvist and Petersson presented an incidence of
A(] dislocations of 0.8 per 10,000 person-years, which is the lowest
in the literature.”” The reason for the relatively low incidence
cannot be determined. However, it is possible that a different
definition of ACJ dislocation, which relied on the presence of
pathologic radiographic findings, was used, and this would exclude
many low-grade injuries.

The only previous study aiming to investigate the epidemiology
of ACJ] dislocations in more detail in a general population was
published by Chillemi et al.” The study was retrospective, and pa-
tients were included using a database search and assessment of
radiographs by 2 of the authors. Despite the difference in design,
their results were comparable to ours with an incidence of 1.8 per
10,000 person-years and similar ratios of low- to high-grade in-
juries as well as the male-to-female injury rate.

The study included 108 patients with a mean age of 37.5 (13-69)
years; 51% of the injuries occurred in those between 20-39 years
old, and 90% of the patients were men. It was concluded that male
gender and age between 20-39 years were significant demographic
risk factors for AC] dislocations, although statistical calculations
were not provided to support the latter part of this statement. We
confirmed these conclusions by showing higher IRR for males vs.
females and for younger age groups compared with older.

Chillemi et al” did not find any significant association between
type of trauma or age and Rockwood classification. In our material,
we found that the risk of high-grade injury increased with age,
groupwise, and injuries from traffic accidents caused more severe

Table IV
0Odds ratios (ORs) for high-grade ACJ dislocation
Subgroup Comparison OR (95% CI)
Age group, y 40-59 vs. 18-39 26(1.2,54)
60-75 vs. 18-39 3.6 (0.89, 14.1)
Gender Male vs. female 1.3(043,3.8)
Type of trauma Traffic accident vs. fall 3.8(1.5,10)
Traffic accident vs. sport 23(1.1,5.3)

Traffic accident vs. miscellaneous 7.7 (0.74, 100)

ACJ, acromioclavicular joint; CI, confidence interval.
Calculations using adjusted logistic regression model including all subgroups.
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Table VI
Type of trauma per age group

Table V
Trauma mechanisms and the distribution of low-/high-grade dislocations
Type of trauma Total, % Low-grade High-grade
injury, % injury, %

Activities
Total 157 72 (46) 85 (54)
Soccer 19 (12) 11 (15) 8(9)
Martial arts 11(7) 8(11) 3(4)
Skiing 9(6) 3(4) 6(7)
Bicycle sport 8(5) 4(6) 4(5)
Ice hockey 6(4) 4(6) 2(2)
Floorball 4(3) 2(3) 2(2)
Horseback riding 5(3) 1(1) 4(5)
Rugby/American football 3(2) 1(1) 2(2)
Parkour 1(1) 1(1) 0
Bicycle transport 29 (19) 5(7) 24 (28)
Motorcycle/moped 16 (10) 5(7) 11(13)
Car 4(3) 2(3) 2(2)
Other traffic accident 5(3) 3(4) 2(2)
Falls 32(20) 18 (25) 14 (17)
Miscellaneous 5(3) 4(6) 1(1)

Type of trauma subgroups
Sports 66 (42) 35 (49) 31(37)
Traffic accidents 54 (34) 15(21) 39 (46)
Falls 32 (20) 18 (25) 14 (17)
Miscellaneous 5(3) 4(6) 1(1)

Values are number of cases in each group. Other traffic accidents include segway,
kickbike, and longboard. Miscellaneous includes, for example, getting hit by door
caught by wind and failing to stand on one's hands.

dislocations than those occurring during sports or from falls. A
possible reason for these differences in results may be our sub-
grouping of the patients according to Rockwood classification into
low-grade (type 1 and 2) and high-grade (type 3-6) injuries. This
subgrouping was clinically logical, as low-grade injuries are not
proper dislocations and always treated conservatively, whereas
high-grade injuries represent a complete dislocation of the ACJ and
surgery may be considered for certain patients.'” Comparing sub-
groups increased the ability to detect relevant relationships be-
tween the different variables.

A(] dislocations are predominantly caused by a direct trauma to
the shoulder and therefore common in activities such as contact or
high-speed sports and traffic situations. Chillemi et al> were the
first to report on the distribution of the type of trauma from a
general population. Similar to our study, they found sports to be the
most common mechanism, but the types of sports differed some-
what between our studies, probably because of local tradition and
geographical differences. For example, we had injuries from both
skiing and ice hockey, whereas Chillemi et al reported cases caused
by rollerblades and basketball.

In both studies, more than 1 of 5 patients were injured during
bicycling, and this appears to be a particularly high-risk activity
with regard to the severity of the injury. Seventy-six percent of the
bicycle-related cases were high-grade injuries in our study. We also
showed that the traffic accidents subgroup had a higher risk of
high-grade injury, and in this group 54% of the cases were caused
by cycling. Other research has also shown that ACJ dislocations are
common during cycling.*

This study has both strengths and weaknesses. Important
strengths of the study include the prospective design and well-
controlled method for diagnosing and classifying the injuries. A
significant weakness of the study is that the inclusion is probably
incomplete, caused by patients with AC] dislocations eligible for the
study not seeking care or not being referred to our department.
Supporting this is that Enger et al® showed a much higher incidence
of low-grade injuries compared to our results and the fact that
conspicuously few patients from the major elite ice hockey and
soccer teams in our catchment area were included in our study. The

Age group Sports, %  Traffic accidents, %  Falls, %  Miscellaneous, %
18-39 (n=82) 45(55) 22 (27) 11(13) 4(5)

40-59 (n=61) 20(33) 25 (41) 15(25) 1(2)
60-75(n=14) 1(7) 7(50) 6(43) 0

Values are total number of cases in each subgroup.

incidence presented should therefore be considered as the minimal
true incidence. Further, patients in Sweden are allowed to seek care
where they please, and the catchment area is located in a densely
populated part of Sweden where commuting is common. It is
therefore possible that patients from other catchment areas have
chosen to seek care at our institution. We have not excluded these
patients as the probability of the opposite, a patient from our area
seeking care elsewhere, should be similar. We also limited our in-
clusion to people between 18-75 years. This was done for both
practical reasons and the fact that AC] dislocations in the skeletally
immature have different pathoanatomy than in adults, and existing
data indicate that the injuries are uncommon in younger people
and virtually nonexistent in those older than 75 years.' >

Conclusion

The incidence of ACJ dislocations was 2.0 per 10,000 person-
years in a general adult population. Male gender and young age
were risk factors, and most injuries occurred during sports. How-
ever, the risk of high-grade dislocations was higher in older pa-
tients and when injured in traffic accidents.
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Abstract

Background: Weighted radiographs are performed to classify acromioclavicular joint dislocations; however, the evi-
dence regarding their usefulness is conflicting. Laboratory studies suggest that internal rotation views can replace
weighted radiographs, but this has not been clinically evaluated.

Purpose: To evaluate whether weighted or internal rotation radiographs uncovers more high-grade acromioclavicular
joint dislocations than non-weighted radiographs.

Material and Methods: A total of 162 patients with acromioclavicular joint dislocations were prospectively included.
After applying exclusion criteria, 140 remained. Three panorama radiographs, including both coracoclavicular intervals,
were completed of each participant: first, a weighted radiograph with 5-kg weights suspended from the wrists; second, a
non-weighted radiograph; and third, an internal rotation radiograph. The coracoclavicular intervals were measured by
two radiologists independently, and measurements were translated into Rockwood classifications. The classifications and
measurements derived from the different radiographic views were compared.

Results: Weighted radiographs caused no significant changes in classification. For the internal rotation views, there was
a significant change in classification for radiologist 2; however, the reason was that more injuries were downgraded
compared to the non-weighted views. Relative to the non-weighted radiographs, the mean increase of the coracocla-
vicular interval on the injured side in the weighted view was 0.5 mm (95% confidence interval [CI] 0.37-0.65) and in the
internal rotation view 0.2 mm (95% Cl 0.04-0.33). While these changes were statistically significant, they were small and
not clinically important.

Conclusion: This study does not support the use of weighted and internal rotation radiographs in the classification of
acromioclavicular joint dislocations.
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Conventional radiography, shoulder, joints, athletic injuries, trauma, comparative studies
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It categorizes the dislocations into six types according to
the extent of injury to the structures stabilizing the joint.
These structures are assumed to be disrupted sequential-
ly in the following order: the acromioclavicular (AC)
ligaments; the coracoclavicular (CC) ligaments; and,
finally, the deltotrapezoidal fascia (Table 1) (3). The dis-
tance between the superior coracoid process and the
inferior clavicle, the CC interval, is measured bilaterally
on radiographs and used to assess vertical instability.
The increase of this distance on the injured side com-
pared to the healthy one is considered to correlate with
the extent of the injury to the stabilizing soft tissues and
used to classify the injury (3,4).

It has been suggested that radiographs with weights
suspended from the patients’ arms are necessary to
counteract muscle spasms about the shoulder and
reveal the true vertical instability of the injured ACJ
joint, thus increasing the accuracy of the classification
(5,6). Historically such images have been widely recom-
mended in the literature (7,8). Today, surveys have
shown that the use of weighted radiographs is decreasing
among American shoulder surgeons (9,10); however,
these are still used internationally and, by some, recom-
mended (11-13). The evidence regarding weighted radio-
graphs is controversial with only two previous studies
with contradictory conclusions available (12,14).

Horizontal instability of the injured ACJ has been
shown to affect outcome and many radiographic techni-
ques have been proposed to evaluate the position of the
clavicle in the anteroposterior (AP) plane. However, the
optimal method is still debated, and, to date, there is no
validated gold standard (5,6,13,15-18).

Radiographs with the shoulders in internal rotation
have been studied in cadaver models and results show
that this technique might replace weighted views when

Table I. The Rockwood classification system.

searching for occult high-grade ACJ dislocations.
The proposed mechanism is that internal rotation in
the shoulder protracts the scapula moving the acro-
mion towards the clavicle which, in turn, is pushed
superiorly (19). The efficacy of internal rotation radio-
graphs has not been confirmed in a clinical study.

The aim of the present study was to evaluate wheth-
er weighted or internal rotation radiographs are useful
in the classification of ACJ dislocations by investigat-
ing if they uncover more high-grade dislocations than
standard non-weighted radiographs.

Material and Methods

Participants

This cross-sectional, single center study was performed
between January 2013 and October 2016. The study
was approved by the Regional Ethical Review Board
in Lund (Dnr 2012/454) after input from the regional
committee for radiation safety. A total of 162 patients
were prospectively identified as eligible for this study.
Inclusion criteria were as follows: aged 18-75 years;
shoulder trauma within the last 14 days; radiographic
examination that excluded fracture; and a clinical sus-
picion of an ACJ dislocation. Exclusion criteria were as
follows: previous ACJ dislocation on either side; clav-
icle fracture malunion on either side; other ongoing
shoulder problems; and mental disorders or language
barriers preventing the patient from understanding or
cooperating with study protocol.

After primary assessment and initiation of treatment
at the emergency department or primary care facility,
patients eligible for the study were referred to our
shoulder physiotherapists who confirmed the suspicion

Rockwood Deltotrapezoidal Clinical examination of

type AC ligaments CC ligaments fascia Radiographs AC)

| Intact or Intact Intact Normal Stable

partial injury
2 Torn Intact or Intact Normal or widening of ACJ Horizontal instability
partial injury and/or <25% increase in

CC distance

3 Torn Torn Lateral avulsion 25%-100% increase in CC Horizontal and vertical
distance instability

4 Torn Torn Dorsal injury Increased or normal CC dis-  Large horizontal instability
tance. Possibly visible on
lateral or axillary view

5 Torn Torn Torn >100% increased CC Horizontal and large ver-
distance tical instability

6 Torn Torn Torn Inferior dislocation of clavicle  High risk of neurovascular

insult

AC, acromioclavicular; ACJ, acromioclavicular joint; CC, coracoclavicular.
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of an ACJ dislocation and secured informed written
consent. Radiographic examination according to the
study protocol was ordered by the physiotherapist.

After completion of radiographs, the patients were
seen by one of four orthopedic surgeons involved in the
study who confirmed the diagnosis and, if needed,
amended the treatment received after the primary
assessment. Five patients did not complete either the
radiographs or the visit to the orthopedic surgeon and
a further 17 patients were excluded (Fig. 1). This left
140 patients (123 [88%] men; mean age = 40 years; age
range = 18-74 years) and the dominant shoulder was
injured in 83 (59%).

Radiographic examinations

The examinations were performed in a standardized
fashion with the patients standing, their scapulae sup-
ported against a vertical surface, and their feet shoulder
width apart. The patients did not move between expo-
sures and were asked to relax the muscles in their upper
body. Three panorama radiographs with a 10° cephalic
tilt including both CC intervals were taken. A lead
shield was used for thyroid protection. First, a weight-
ed view was taken using bilateral 5-kg weight bracelets
attached to the patients’ wrists. The patients remained
in position and the radiographer removed the weights
and obtained a non-weighted radiograph. After this, an
internal rotation radiograph was obtained where the
patients’ hands were both positioned on the abdomen
(Fig. 2). This order of performing the radiographs min-
imized patient movement and produced as similar pro-
jections as possible.

Patients meeting

inclusion criteria
N =162

Did not show up for radiograph or
visit to orthopedic surgeon
N=5

Yy

Excluded N =17
2 previous ACJ dislocation
4 clavicle fracture mal-union
4 not ACJ dislocations
5 other ongoing shoulder problems
2 psychiatric disorders

Assessed and
classified by
orthopedic surgeon
N=157

S

Included in
analysis
N =140

Fig. |. Flow chart describing inclusion of patients.

Two senior radiologists assessed all the radiographs
and the CC intervals were measured bilaterally. This
interval was defined as the closest distance between the
superior margin of the coracoid process and the inferi-
or clavicle cortex. Measurements were performed using
the digital ruler in the image viewing software (Sectra
PACS, Sectra AB, Sweden) of the department and reg-
istered in millimeters. The difference between the CC
interval on the injured side and the non-injured side
was calculated in percent and measurements were
translated into a Rockwood classification according
to the following definition: an increase of <25% on
the injured side was classified as a low-grade ACJ
dislocation, a group that included both Rockwood
type 1 and type 2 injuries since they cannot be accu-
rately separated without a clinical examination; an
increase of 25%—100% was classified as a Rockwood
type 3 ACJ dislocation; and an increase of >100% was
classified as type 5.

Rockwood type 4 injuries were diagnosed using clin-
ical examination during the visit to the orthopedic sur-
geon; three patients were found to have this type of
injury and were treated accordingly. For study pur-
poses, they were included in the material and their
radiographs were reviewed as described above.

There were no Rockwood type 6 dislocations in our
material.

Outcome measurements

The classifications acquired from the different radio-
graphic projections were compared. The non-weighted
view was used as a baseline and any differences in clas-
sification in the other radiographs were registered. Where
a change in classification was noted, the measurements of
the CC interval on all the radiographs were examined to
determine the cause of the change (CC interval decreased
or increased on the injured or uninjured side); a measure-
ment was considered to have changed if the difference
between radiographs was >0.2 mm.

To further analyze the effects of weighted and inter-
nal rotation views, the measurements of the CC inter-
vals on the injured sides were compared between the
three radiographs for each patient.

Statistics

Wilcoxon signed rank test was used to analyze if there
was a difference in classification between the different
radiographic projections. A mixed model linear regres-
sion calculation was used to compare the measure-
ments of the CC intervals of the injured shoulders
between radiographic projections. All statistical calcu-
lations were made using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA). 95% ClIs were used and P < 0.05 was
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Fig. 2. Photographs showing patient positioning for the weighted (a), non-weighted (b), and internal rotation (c) panorama radio-

graphs. Example non-weighted radiograph (d).

Table 2. Patients (n) with each Rockwood type.

Non-weighted view (n = 138)

Weighted view (n = 137)

Internal rotation view (n= 128)

Rockwood type Radiologist | Radiologist 2 Radiologist | Radiologist 2 Radiologist | Radiologist 2
Low grade 52 52 52 54 54 56
Type 3 47 45 47 41 35 35
Type 5 39 41 38 42 39 37

considered statistically significant. Original data can be
accessed by reasonable demand to the corresponding
author.

Results

Radiographs were obtained at a mean of 16 days
(range =2-68 days) after the injury; 10 (7%) patients
were radiographed later than 30 days and 2 (1%)
patients later than 40 days after the injury. One patient
was only able to complete the non-weighted view due
to pain and one had incorrectly marked radiographs;

these could not be included in the analysis. In 11
patients only two radiographic projections were avail-
able; in one of these cases, the weighted radiograph was
missing, and for the remaining 10, the internal rotation
radiograph was missing. This left 403 radiographs in
138 patients to be interpreted.

The distribution of different grades sorted by radio-
graphic view and radiologist is shown in Table 2.
The three patients diagnosed with Rockwood type 4
ACJ dislocations based on clinical examination
were all interpreted as a type 3 or type 5 in the study
radiographs.
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Comparing the weighted and internal rotation radio-
graphs to the non-weighted views, the classifications
remained unchanged in a majority of cases (Fig. 3).
The number of cases upgraded versus downgraded in
the weighted views were similar. Internal rotation
caused more downgrades than upgrades; for radiologist
2, this difference in classification reached statistical sig-
nificance (P=0.015).

The changes in classification observed were between
adjacent Rockwood types in all cases but one, where a
type S injury in the non-weighted view was defined as
low-grade in the internal rotation radiograph (Table 3).
The mechanisms behind the changes in classifications
were analyzed and we found that all theoretically pos-
sible reasons were represented, i.e. weighted and inter-
nal rotation views did not only affect the CC distance
in the injured shoulder but also caused changes on the
contralateral side and, in some cases, lead to a decrease
in CC distance (Table 4).

140
123 125
120
100

80

60

Number of patients

40

20
7 6 7 6

0 | =

Unchanged Upgraded

Weighted view (N=137)

m Radiclogist 1

Downgraded

Using the non-weighted views as baseline and com-
paring to the other radiographic projections, the
change of the measurements of the injured CC
intervals was investigated. For the weighted views,
there was a mean increase of 0.5 mm (95%
CI=0.37-0.65) and for the internal rotation views
0.2 mm (95% CI=0.04-0.33).

Discussion

In the present study, we showed that weighted and
internal rotation radiographs are not helpful in uncov-
ering occult high-grade ACJ dislocations and therefore
not useful in clinical decision-making.

Weighted radiographic images for the classification
of ACJ dislocations have been recommended histori-
cally and are still in use today (3,7,8,11,13). However,
there are only two previous studies investigating wheth-
er they are diagnostically helpful (12,14). In the first of

105 105
15 7
o 1
Unchanged Upgraded Downgraded

Internal rotation view (N=128)

Radiologist 2

Fig. 3. Graph showing the distribution of changes in classification sorted by radiologist and radiographic view. The non-weighted

views are used as baseline.

Table 3. Patients (n) with a change in classification using non-weighted radiographs as baseline.

Weighted view (n=137)

Internal rotation view (n = 128)

Radiologist | Radiologist 2 Radiologist | Radiologist 2
Upgraded total 7 6 8 6
Low grade to type 3 4 | 3 2
Type 3 to type 5 3 5 5 4
Downgraded total 7 6 15 17
Type 3 to low grade 4 3 10 9
Type 5 to type 3 3 3 5 7
Type 5 to low grade 0 0 0 |
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Table 4. Reasons for upgrades and downgrades separated by radiologist and radiographic view.

Weighted view

Internal rotation view

Radiologist | Radiologist 2 Radiologist | Radiologist 2
Upgraded total 7 6 8 6
CC interval increased injured side 3 3 4 |
CC interval decreased uninjured side | | 2 |
Combination 3 2 2 4
Downgraded total 7 6 15 17
CC interval decreased injured side 2 0 3 |
CC interval increased uninjured side 4 5 6 10
Combination | | 6 6

Values are given as n.
CC, coracoclavicular.

these, Bossart et al. (14) studied 83 pairs of bilateral
weighted and non-weighted radiographs from patients
with ACJ dislocation as their discharge diagnosis.
Similar to our study, 10-1b (4.5-kg) weights were
used, and they were either suspended from the wrists
or held by the patient. The injuries were classified as
grade 1, 2, or 3, where the lower grades had a normal
CC interval on the injured side while it was increased
by >5 mm or >50% in grade 3 injuries. Both upgrades
and downgrades were found with weighted radiographs
and, like us, they noted that the CC interval of both the
injured and non-injured side could be affected by
adding weights and that it sometimes paradoxically
narrowed in the stress views. They conclude that
weighted views should not be routinely used in the
diagnosis of ACJ dislocations. Despite the differences
in study design and classification system, our results
support this conclusion.

The second study was published by Ibrahim et al.
(12) and reaches a different conclusion. They retrospec-
tively identified 59 sets of bilateral radiographs with
and without 5-kg handheld weights and found that
weighted views unmasked 10 Rockwood type 5 injuries
classified as type 3 in non-weighted radiographs.
Furthermore, the weighted views did not cause any
downgrades or any upgrades from Rockwood type 2
to type 3. The authors recommend that weighted radio-
graphs are used as the only AP projections for ACJ
dislocations and emphasize that they are important to
correctly diagnose type S injuries.

Our findings do not support this conclusion, as we
found no significant difference in classification between
weighted and non-weighted radiographs. This discrep-
ancy in results can be partly explained by a difference
in study design. Ibrahim et al. (12) retrospectively
included patients that had bilateral weighted and
non-weighted Zanca views and excluded those that
did not have radiographic evidence of an ACJ injury.
This would exclude many patients with Rockwood type

1 and 2 injuries, making it difficult to draw any con-
clusions regarding the ability of a weighted radiograph
to unmask a Rockwood type 3 injury diagnosed as low-
grade in non-weighted images. However, this does not
explain why Ibrahim et al. found 10 out of 27 type 3
injuries to be upgraded and found no downgrades at
all. In our material, the two radiologists found 3/47 and
5/45 type 3 injuries, respectively, to be upgraded to type
5 and as many downgrades as upgrades in the weighted
radiographs compared to the non-weighted.

While evidence regarding weighted radiographs has
been unclear, their use seems to have declined (9,10). In
1999, Yap et al. (9) conducted a survey where 105
members of the American Shoulder and Elbow
Surgeons answered questions regarding their use of
imaging for ACJ dislocations. Of them, 43% answered
that they used weighted views; however, out of these,
only 49% would change their initial treatment choice if
weighted radiographs lead to a change in classification.
In 2018, Shaw et al. (10) performed a similar study
where 37 Sports Medicine and Shoulder and Elbow
fellowship trained members of the Society of Military
Orthopedic Surgeons responded to an online survey.
Only 14% preferred to use weighted views in their
clinic; however, 73% reported that these images were
routinely obtained at their hospital, ordered by other
providers. Both of these studies reported the subjective
opinions of the participants, and the authors stress that
further objective research is necessary. With the present
study, we provide evidence to support the trend of a
decreasing demand for weighted radiographs in the
classification of ACJ dislocations.

In an attempt to further refine diagnostics,
Vanarthos et al. (19) undertook a cadaver study and
showed that radiographs taken with the shoulder in
internal rotation were as effective as weighted radio-
graphs in increasing the CC interval in injuries with
complete tears of both the AC and CC ligaments.
The authors suggest that internal rotation views are
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useful in diagnosing occult high-grade injuries and that
this needs to be further evaluated. In our clinical study,
we found no evidence to support these findings. On the
contrary, one of our radiologists found significantly
more low-grade injuries in the internal rotation radio-
graphs compared to the non-weighted images.

Comparing the classifications derived from the dif-
ferent radiographic projections is not the only way of
analyzing our material. One could also compare the
measurements of only the injured CC intervals between
images to see the effects of the weights or internal rota-
tion on the injured ACJ. This would allow illogical
findings, such as the CC interval being affected on
the non-injured side or paradoxically narrowed on
the injured side, to be ignored. To evaluate if this
way of using the radiographs would more accurately
reveal vertical instability, we analyzed how the meas-
urements of the CC intervals of the injured shoulders
changed between the radiographs of each patient.
When compared with non-weighted views, we found
that both weighted and internal rotation radiographs
caused an increase of the CC interval by a mean of 0.5
mm and 0.2 mm, respectively. This increase was statis-
tically significant but so small it should be considered
clinically irrelevant and arguably within the margin of
error. It would cause a change in classification only if
the patient was already near the cut-off between differ-
ent Rockwood types. In such cases, it is our standpoint
that the radiological classification of the injury is less
important than other patient characteristics and clini-
cal findings when deciding on treatment regime.
Therefore, we do not find a rationale for this use of
weighted or internal rotation views.

In the present study, we provide evidence regarding
the appropriate evaluation of the vertical instability of
AC]J dislocations. This is the only prospective study on
the subject, and we present a large patient material;
however, the study also has weaknesses. First, 17 radio-
graphs were either missing or incorrectly marked. When
designing the study, measures were taken to avoid this
by using specifically chosen, and experienced, radiology
nurses and appropriate patient information, but these
types of human errors are difficult to completely prevent
in prospective research. Furthermore, the interval of
time from the day of the injury until study radiographs
were obtained was quite large, 2—-68 days with a mean of
16 days. While this could have affected our results as
muscle shielding might diminish as pain subsides, it
reflects daily clinical practice. It is also hard to predict
how a change in muscle shielding would manifest itself
in terms of classification. As treatment had already been
initiated during the primary visit, we chose not to have a
time limit for when the study radiographs were to be
completed since this would risk a skewed exclusion of
patients with low-grade injuries as they do not always

feel the need to attend the earliest available time at the
department of radiology. Another weakness of the study
is that we did not use radiographs to assess the horizon-
tal instability of the ACIJ. Instability in this plane is
important to consider as it affects outcome but there is
no consensus on which radiographic technique should
be used (5,6,13,15-18). As the aim of the present study
was to analyze the usefulness of weighted and internal
rotation views and not evaluate the classification system
in a broader sense, we do not believe that this makes our
results less reliable.

In conclusion, we found no evidence supporting the
use of weighted or internal rotation radiographs in the
classification of ACJ dislocations and we recommend
that these are not routinely used.
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Background and purpose — Surgical treatment of chronic acro-
mioclavicular joint dislocations is challenging, and no single pro-
cedure can be considered to be the gold standard. In 2010, the
GraftRope method (Arthrex Inc., Naples, FL) was introduced in
a case series of 10 patients, showing good clinical results and no
complications. We wanted to evaluate the GraftRope method in a
prospective consecutive series.

Patients and methods — 8 patients with chronic Rockwood
type III-V acromioclavicular joint dislocations were treated sur-
gically using the GraftRope method. The patients were clinically
evaluated and a CT scan was performed to assess the integrity of
the repair.

Results and interpretation — In 4 of the 8 patients, loss of
reduction was seen within the first 6 weeks postoperatively. A
coracoid fracture was the reason in 3 cases and graft failure was
the reason in 1 case. In 3 of the 4 patients with intact repairs,
the results were excellent with no subjective shoulder disability 12
months postoperatively. It was our intention to include 30 patients
in this prospective treatment series, but due to the high rate of
complications the study was discontinued prematurely. Based on
our results and other recent reports, we cannot recommend the
GraftRope method as a treatment option for chronic acromiocla-
vicular joint dislocations.

Surgical treatment of acromioclavicular joint (ACJ) dislo-
cation sequelae is challenging, and no single procedure has
been widely accepted as the gold standard. We have used
both the modified Weaver and Dunn procedure, wire loops
and hook plates. All gave acceptable results in many patients
but there was also a high frequency of complications, as has
been reported in numerous publications (Taft et al. 1987,

Bishop and Kaeding 2006, Mazzocca et al. 2007, Tamaoki
et al. 2010).

In 2010, the GraftRope technique (Arthrex Inc. Naples,
FL) was described and promising early results in a series of
10 patients were presented (DeBerardino et al. 2010). The
GraftRope device is a double endobutton construct held
together by a continuous #5 FiberWire suture. A 12- to 15-cm
tendon graft is double-folded and included in the device. The
whole construct is then passed through—and secured—in a
transclavicular, transcoracoid bone tunnel resembling the path
of the coracoclavicular (CC) ligaments. The endobutton and
FiberWire construct augments the repair, allowing the tendon
graft to heal into place.

To our knowledge, there have been no prospective evalu-
ations of the GraftRope method. Our aim was to include 30
patients treated with the GraftRope method in a prospective
series with 2-year follow-up.

Patients and methods

From March 2011 to April 2012, we had operated on 8 patients
with chronic, Rockwood type-III and type-V ACJ dislocations
using the GraftRope method. The median age of the patients
was 39 (22-63) years; 6 patients were men.

Inclusion criteria were: (1) chronic Rockwood type III-V
ACIJ dislocation with at least 6 months of non-operative treat-
ment with unsatisfying result, and (2) patient age between 18
and 75 years. Exclusion criteria were: (1) major concomitant
shoulder injury or disease on the affected side, (2) previous
AC]J dislocation on the contralateral side, and (3) a mental or
physical condition such that the patient was unable to follow
the postoperative rehabilitation protocol.
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All patients were followed up 3, 6, and 12 months after sur-
gery, with clinical check-ups performed by a physiotherapist.
All complications were documented. Shoulder function was
assessed using the Disabilities of the Arm Shoulder and Hand
(DASH) score and the Constant-Murley score. A computed
tomography (CT) scan was performed 12 months postopera-
tively to evaluate the integrity of the repair.

The study protocol (Dnr 2012/545) was approved by the
regional ethical review board in Lund and the study was con-
ducted in accordance with the Helsinki Declaration.

Surgery

For a detailed description of the surgical technique, see Cook
et al. (2012). We used the same technique except that we used
a 30-degree arthroscope instead of a 70-degree one, and we
performed a distal clavicle excision in all cases and not just
when reduction could not be achieved otherwise. Below is a
summary of the method, with emphasis on the critical details
of the procedure.

All operations were performed by 3 consultant orthopedic
shoulder surgeons according to the manufacturer’s instruc-
tions. The patients were placed in the beach chair position and
general anesthesia was given. In a bloodless field, a 3-cm inci-
sion was made on the medial side of the tuberosity of the tibia,
the gracilis tendon was identified, and a 12- to 18-cm-long
gracilis tendon graft was harvested. The graft was double-
folded and prepared in the GraftRope construct.

Using a 30-degree arthroscope, standard diagnostic arthros-
copy was performed, confirming that no other intra-articular
pathology was present. The rotator cuff interval was opened
and the coracoid visualized. An incision was made over the
lateral clavicle and a distal clavicle excision performed.
Through an anterior portal, the lower part of an aiming guide
was introduced centering on the undersurface of the coracoid,
the top part centering 30 mm medial to the ACJ on the clav-
icle. Maintaining this position, a guide wire was introduced
through the drilling guide. Care was taken to place the entry
and exit holes of the guide wire centrally on the top surface of
the clavicle and the undersurface of the coracoid. Fluoroscopy
was not used due to the good visualization of the entry and exit
points of the guide wire and the fixed trajectory between these
points ensured by the aiming guide.

A 6-mm cannulated drill was advanced over the guide wire
to establish the transclavicular, transcoracoid bone tunnel
through which the GraftRope construct was introduced. The
FiberWire of the construct was tightened and tied over the cla-
vicular button to reduce the dislocation, and an interference
screw was used to secure the gracilis graft in the clavicular
bone tunnel.

The shoulder was immobilized in a sling for 4 weeks, and
during this time only passive range-of-motion exercises—up
to 90 degrees of abduction and elevation—were performed.
Thereafter, active range of motion was initiated. Strengthen-
ing exercises began 3 months postoperatively, free range of

motion was permitted, and the patients were allowed to slowly
return to full activity.

Results

The intention in this study was to treat 30 patients, evaluate
their shoulder function at 3, 6, 12, and 24 months postopera-
tively, and present these data along with information on the
frequency of early and late complications. However, within
the first year postoperatively, 4 of our 8 patients had suffered
aloss of reduction. Because of this high rate of complications,
the trial was halted prematurely.

The reasons for loss of reduction were a coracoid frac-
ture in 3 cases and graft failure in 1 case. Radiographs taken
immediately after surgery showed that anatomical reduction
had been achieved in all patients and there were no signs
of loss of reduction or coracoid fractures. All failures were
noted within the first 6 weeks postoperatively. No failures
were due to trauma, and there was no evidence of patients not
complying with the postoperative rehabilitation protocol. 1
of the patients who suffered a loss of reduction had pain and
severely impaired shoulder function, and revision surgery was
required. Of the other 3 patients with failed repairs, 1 felt that
the shoulder symptoms were at the same level as preopera-
tively, and the remaining 2 experienced improvement despite
the failure of their repairs. The CT scans performed 12 months
postoperatively showed that 6 of 8 patients had a non-central
drill hole in the coracoid.

3 of the 4 patients who did not have any complications
showed excellent results. At 1 year postoperatively, these 3
patients had returned to their pre-injury level of activity and
were satisfied with their shoulder function. 1 patient in this
group still experienced pain when sleeping on the injured side
and when lifting the injured arm above shoulder level. This
patient had, however, improved compared to preoperatively.
In this group, the median DASH score was 11 (4-29) and the
median Constant-Murley score was 87 (68-92) 1 year after
surgery.

Discussion

In the past decade, biomechanical research has suggested that
anatomical repair with reconstruction of the ligaments sup-
porting the ACJ is important to restore its properties. There
have also been indications that biological healing of the
reconstruction is important to achieve long term stability of
the repair (Costic et al. 2004). The GraftRope method allows
a single tendon graft to be inserted in-between drill tunnels
in the clavicle and the coracoid process. This provides a bio-
logical repair that more closely mimics the native anatomy
than many previous techniques (DeBerardino et al. 2010).
Encouraged by the promising early results of this method, we
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Postoperative computed tomography scans displaying the position of the coracoid bone tunnel (marked by a white arrow) in 3 patients. A. A mal-
positioned medial tunnel breaching the medial cortex of the coracoid. B. A coronal plane view of a laterally placed bone tunnel. C. A transverse
plane view of a laterally placed tunnel.

designed and started our prospective study. Our results were,
however, substantially different.

Since only 8 patients were treated using this method, it is
possible that the surgeon learning curve affected the outcome.
However, all procedures were performed by experienced
shoulder arthroscopists who had also practiced the procedure
in a laboratory setting.

Allbut 1 of the losses of reduction were due to coracoid frac-
ture. This leads us to assume that a 6-mm bone tunnel through
the coracoid process compromises its strength sufficiently for
a fracture to occur. In the CT scans performed within 1 year
postoperatively, 6 of the 8 patients had a coracoid bone tunnel
that was not centralized (Figure A-C). The average width of
the coracoid is 15 mm, making a central tunnel placement cru-
cial to preserve enough bone—both laterally and medially—to
avoid fracture (Armitage et al. 2011). Recent biomechanical
testing has supported this further, by comparing tunnel place-
ment in cadaver shoulders. 5 different tunnel placements
were tested, and load to failure was measured and compared
to undrilled controls. All tunnel placements except the com-
pletely central tunnel and one with a superior medial to infe-
rior central orientation resulted in a significantly reduced load
to failure (Ferreira et al. 2012).

At drilling, the desire is to place the bone tunnel in a posi-
tion originating and ending between the footprints of the 2
native CC-ligaments, thus mimicking their anatomy as much
as possible. The arthroscopically assisted technique does
not allow separate drilling of the coracoid and clavicle, so
the positioning of one tunnel will inevitably affect the other.
In a study comparing different tunnel placements in virtual
models based on 3D-reconstructed CT images of the ACJ, it
was shown that, using an arthroscopically assisted technique,
it was not possible to achieve a near-anatomic tunnel through
both the clavicle and the coracoid. The desired position of one
tunnel would result in an unsatisfactory position of the other.
That study also showed that the trajectory of a completely cen-
tral coracoid tunnel would completely miss the clavicle in the
majority of cases (Coale et al. 2013). A similar study dem-
onstrated that separate drilling of the clavicle and coracoid is
necessary to achieve near-anatomic position of the bone tun-

nels and to avoid coracoid cortical breach (Xue et al. 2013).
Based on these results, as well as our own experiences, we
believe that the use of 6-mm bone tunnels and non-separate
drilling of the clavicle and coracoid is associated with a sub-
stantial risk of fracture or tunnel misplacement.

Our study is not the first to present adverse results in patients
treated with the GraftRope method or with other methods
requiring a coracoid bone tunnel. Cook et al. (2012) presented
adverse results in active-duty soldiers with ACJ dislocations
treated with the GraftRope method. Reduction was lost in 8
of 10 cases; in 7 of these, the reason for the failed repair was
suture slippage or breakage; only 1 patient suffered a cora-
coid fracture. Cook and colleagues suggested that a possible
reason behind their high rate of failure was that they, like us,
did not use the option to let the graft tails run over the ACJ and
attach to the acromion. It is possible that this could prevent
suture breakage by providing extra stability to the ACJ, but
it is unlikely that this extra stability would prevent coracoid
fracture, which was the most common complication seen in
our material.

Milewski et al. (2012) reviewed the GraftRope device fur-
ther and presented a high rate of complications. In their study,
8 of 10 patients suffered a loss of reduction; both coracoid
fractures and other modes of failure occurred. The authors
considered transcoracoid drilling to be demanding, and pos-
sibly a procedure that not even the experienced surgeon is able
to perform safely. The adverse results presented by Cook et al.
(2012) and Milewski et al. (2012) were not available when we
started our study.

The difficulty of transcoracoid drilling is discussed further
by Schliemann et al. (2013). They treated 63 patients using a
different surgical technique where the diameters of the bone
tunnels were 4.5 mm. The drilling was performed using a drill
guide in a straight trajectory fashion through the clavicle and
coracoid. Despite the smaller diameter of the drill, 6 of the
treated patients suffered a coracoid fracture.

Our study provides a detailed analysis of the difficulties
of transcoracoid drilling. Based on the recent biomechanical
and virtual-model research discussed above, together with
the clinical and radiological follow-up of the patients in our
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series, we conclude that a 6-mm bone tunnel is not a safe way
to provide an anchor point in the base of the coracoid process.
We cannot recommend the GraftRope device as a treatment
option for chronic ACJ dislocations.
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Background: The gracilis tendon is commonly used as an autograft to reconstruct torn tendons or ligaments in
many parts of the body. Little is known about the subjective and functional outcome after gracilis tendon harvest.
The aim of this study was to evaluate the outcome of the donor leg in patients undergoing such surgery.

Methods: Patients with chronic acromioclavicular joint dislocations undergoing coracoclavicular ligament
reconstructions using autogenous gracilis tendon grafts were eligible for this study. The graft harvesting procedure
was carried out in a standard fashion using a tendon stripper. Knee injury and Osteoarthritis Outcome Score (KOOS)
were collected preoperatively and after 12 months. The first 5 patients were included retrospectively and lacked
preoperative data, for these patients age- and gender matched normative KOOS scores were used as baseline
values. Isometric knee flexor strength in 60° and 90° degrees of flexion was measured at final follow up at a median
of 26 (14-56) months postoperatively with the non-operated leg used as reference.

Results: Twenty four patients were eligible for the study and 2 were excluded. The 22 patients available for analysis
had a mean age of 44 (22-62) years at the time of surgery and 4 were women. There was no statistically significant
change in KOOS 12 months postoperatively compared to baseline values but the patients were weaker in knee
flexion in the operated leg compared to the non-operated one.

Conclusions: Gracilis tendon harvesting results in a weakness of knee flexion but does not impair subjective knee
function and is a procedure that can be recommended when an autogenous tendon graft is needed.

Keywords: Gracilis autograft, Ligament reconstruction, Coracoclavicular reconstruction, Acromioclavicular

Background

The gracilis tendon is often used as an autograft for
ligament or tendon reconstruction. Most commonly it is
used in combination with the semitendinosus tendon as
a hamstring graft in anterior cruciate ligament (ACL)
reconstructions, but it is also frequently used in other
knee reconstructive procedures as well as in shoulder,
elbow, hip and ankle surgery [1-6]. While allografts are
an alternative to autografts there are indications that
they stretch more postoperatively and they are not
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readily available in all countries [7, 8]. In 2011, at our
institution, we started using gracilis autografts in coraco-
clavicular (CC) ligament reconstructions for treatment
of chronic acromioclavicular joint dislocations [9].

While graft site morbidity and knee flexor strength
after ACL reconstruction using hamstring grafts has
been thoroughly studied [10, 11], there is little evidence
regarding the knee related outcome after isolated gracilis
tendon harvesting from a limb in which no reconstruct-
ive procedure is planned. Two studies touching on this
subject concern patients undergoing primary, unilateral
ACL reconstructions that were randomized with regard
to which leg the hamstring graft would be harvested
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from [12, 13]. Both of these trials report that graft
harvesting is associated with a decrease in knee flexor
strength that is resolved within 12 months postopera-
tively and they do not advice against using the
unaffected leg as a graft donor site.

While providing important information, the trials
above studied the effect of harvesting a two-tendon
hamstring autograft for use in ACL-reconstruction and
these results cannot be directly translated to a situation
where an isolated gracilis graft is used for reconstructive
procedures in other parts of the body than the knee.
After reviewing the literature we could find only one
study investigating this issue in which 22 patients were
retrospectively included after having undergone gracilis
tendon harvesting to provide grafts for various foot and
ankle procedures [1]. The patients were significantly
weaker in knee flexion in the donor leg compared to the
contralateral one but displayed minimal donor site
morbidity.

In our study we aim to present further evidence
regarding the outcome and possible morbidity related to
gracilis tendon harvesting. This will allow surgeons to
perform a more detailed risk-benefit analysis and pa-
tients to receive a more accurate preoperative informa-
tion. Our hypothesis is that gracilis tendon harvesting
leads to a weakening in knee flexion but not a reduction
in subjective knee function.

Materials and methods

This study comprised 24 consecutive patients operated
between 2011 and 2016 with CC ligament reconstruc-
tion using an autogenous gracilis tendon graft. The
hypothesis for this study was formulated in the end of
2011 after 5 patients had already undergone surgery,
only postoperative outcome measures were available for
these 5 patients and the study is therefore of combined
prospective and retrospective design.

Participants

Patients between 18 and 75 years of age with chronic,
symptomatic acromioclavicular joint dislocations that
were planned for CC ligament reconstruction using
autogenous gracilis tendon grafts were eligible for the
study. Patients were excluded if they had unresolved
knee injuries, ongoing joint diseases that affected the
knee, previous knee surgery, other conditions that were
likely to greatly effect outcome or were unable to
understand or comply with postoperative rehabilitation
protocols because of mental or systemic disease. The 5
patients operated before November 2011 were retro-
spectively included and preoperative outcome measures
are therefore missing, the remaining 19 patients were
prospectively included in the study.
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Surgical technique

The patients underwent CC ligament reconstruction
using two different methods. The first 8 patients were
operated using the GraftRope® device (Arthrex Inc.,
Naples, FL) and for the remaining patients the anatomic
coracoclavicular reconstruction technique was used [14].
The surgical technique was changed because of shoulder
related complications with the GraftRope® device [9]. To
reconstruct the coracoclavicular ligaments an autogen-
ous gracilis tendon graft was used in all cases, the
surgical technique to harvest the graft was identical
regardless of which reconstructive procedure was
performed in the shoulder.

The tendon grafts were harvested immediately before
the shoulder surgery and both the knee and shoulder
were prepped and draped. Under general anesthesia and
in a bloodless field a 4 cm incision was made over the
pes anserinus, the saphenous nerve and infrapatellar
branches were protected if located and the sartorius
fascia incised. The common insertion of the semitendi-
nosus and gracilis tendon was located and the gracilis
tendon was identified as the most anterior of the two.
Adhesions were bluntly dissected and the tendon was
then harvested using a tendon stripper. The sartorius
fascia and subcutaneous tissue was closed using
absorbable sutures and the skin was closed using
non-absorbable sutures. After a soft dressing was applied
the tourniquet was deflated and the shoulder surgery
was begun.

Full mobilization of the leg was allowed postopera-
tively but patients were given a crutch to allow for
partial load bearing if pain required it. All patients were
advised to perform physiotherapy but no supervised
training was ordered as part of this study.

Outcome measures

The primary outcome measure was the Knee injury and
Osteoarthritis Outcome Score (KOOS). The question-
naire was completed 12 months postoperatively by all
patients and scores were compared to preoperative ones
for the prospectively included participants. For the
patients included retrospectively preoperative scores
were not available, therefore age- and gender matched
normative values from a study of the general population
were used for statistical analysis [15].

Isometric knee flexor strength was the secondary out-
come measure. Testing was performed during a follow
up visit for all included patients at the end of the study
period. An IsoForceControl®° EVO2 dynamometer (MDS
Medical Devise Solutions AG, Oberburg, Switzerland)
was placed on a vertical surface perpendicular to the dir-
ection of the force. The patient was in a prone position
on an examination table with the strap from the dyna-
mometer around the ankle. Instructions were given to
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hold on to the edges of the table and keep the pelvis low
during attempts, no stabilization of the pelvis was used.
After a trial attempt using submaximal force testing was
performed on both the operated and non-operated leg
with the knee in both 60° and 90°, three attempts per leg
and angle were completed. In half of the patients the
operated leg was tested first and in the other half the
non-operated. The mean of the two highest values for
each leg and angle was used for statistical analysis.

To find patients with clinically severe donor site
related complications, such as infection, hematoma or
muscle rupture, a medical journal review of the
hospitals’ database was performed at the end of the
study period.

Statistics

For KOOS scores each subscale was analyzed separately
and change from baseline at 12 months was analyzed
using the Wilcoxon signed-rank test. For the
participants that did not have preoperative scores, age-
and gender matched normative values were used.

For the isometric knee flexor strength all analyses are
performed as paired calculations. The relative force of
the operated leg was calculated by dividing the values of
this leg by those of the non-operated one. The actual
difference between the legs was calculated by subtracting
the force of the non-operated from that of the operated
one. These calculations were performed for each patient
separately and these values were then used for further
calculations. The Wilcoxon signed-rank test was used to
analyze if the actual difference and relative force differed
from 0 and 1 respectively. Statistical significance was set
at p<0.05. All analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, NC, USA).

Results

A total of 24 patients were eligible for the study and two
were excluded. One due to mental illness and one be-
cause of chronic pain syndrome, both of these patients
were from the group included prospectively. Out of the
22 patients available for follow up there were 4 females,
the mean age was 44 years (22-62) and the graft was
harvested from the right leg in 14 cases.

The five KOOS subscales, pain, symptoms, activities of
daily living (ADL), sports and recreation (SR) and quality
of life (QoL), were analyzed separately and the mean
scores are presented in Fig. 1. There was no statistically
significant change between baseline and 12 month values
for any of the KOOS subscales.

Testing of isometric hamstring strength was
performed at a median of 26,5 months (14—56) postoper-
atively and was completed by all of the 22 patients. The
operated leg was significantly weaker in both 60° and 90°
of flexion performing a mean force of 93 and 83% of the
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non-operated leg in the two angles
Complete results are shown in Table 1.

Analysis of the hospitals’ medical journal database re-
vealed that one patient had problems with a slow healing
incision with no signs of infection and the same patient
suffered a minor hamstring sprain after stumbling. Other
than these two episodes that both resolved spontan-
eously no donor site complications were found.

respectively.

Discussion

This study shows that there was no statistically signifi-
cant decrease in KOOS scores in any of the subscales
12 months after gracilis tendon harvesting compared to
baseline values. This indicates that the use of autogenous
gracilis grafts is well tolerated by patients and does not
impair subjective knee function. However, the donor
limb was significantly weaker in isometric knee flexion
compared to the unoperated side.

While the outcome after ACL reconstruction using ip-
silateral hamstring grafts has been thoroughly studied
there are very few articles available on the effects of
isolated gracilis tendon grafting from a knee not planned
for reconstructive surgery. To our knowledge the study
by Cody et al. is the only one investigating this issue [1].
In their retrospective study 70 patients had undergone
hamstring tendon autografting for use in foot and ankle
reconstructive procedures and in 22 of these an isolated
gracilis tendon graft had been harvested. The patients
were interviewed postoperatively and 95% of the patients
responded that they were either satisfied or very satisfied
with their operative result and all patients would recom-
mend the surgery to someone else. There were no ser-
ious donor site sequelae and the authors conclude that
hamstring autografts can be used with high patient satis-
faction and minimal morbidity. The study by Cody et al.
is limited by a follow up rate of only just above 50% and
by the fact that they did not use a patient related out-
come measure for follow up. In our study we used the
validated outcome measure KOOS that provides a more
comprehensive evaluation of the knee and leg function
and we can confirm the findings by Cody et al. [1].

Cody et al. also measured isokinetic knee flexion
strength between 13 and 56 months postoperatively [1].
They found that gracilis tendon harvest lead to a signifi-
cant decrease in strength compared to the unoperated
side. In our study we measured isometric and not isokin-
etic force but as the two are very closely related [16] our
results are comparable. In accordance with Cody et al.
[1] we found that the donor leg strength was 93% of the
non-operated side when tested at 60° of knee flexion and
83% at 90°. Considering that both Cody et al. [1] and this
study showed that the subjective outcome of the donor
leg was not affected by the surgery the measurable de-
crease in strength seems to be clinically unimportant in
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our study populations. It is, however, possible that the
hamstring strength deficit might be of clinical import-
ance in patients with very high demands such as those
participating in certain sports. It has been suggested that
a weakness in knee flexion might increase the risk of
ACL tears [17] and it has also been shown that low
hamstring strength is a risk factor for hamstring strain
injuries in professional football players [18]. Structured
physiotherapy has been shown effective in rebuilding
hamstring strength [12] and should, therefore, be
considered after gracilis tendon harvest.

There are two further studies concerning the outcome
after hamstring tendon harvesting without further knee
related procedures in the donor limb. In the study by
Yasuda et al. 70 patients were randomized to have a
two-tendon hamstring graft harvested from either the
ipsilateral or contralateral leg when undergoing planned
ACL-reconstructions, 34 patients were included in the
contralateral group [12]. All subjective problems, such
as activity related soreness, restricted range of motion,
and reduction in the points in the Cincinnati sports
medicine center rating scale, were resolved by 3 months
postoperatively. In the second, similar, study by McRae
et al, 50 patients were randomized to the contralateral

Table 1 Isometric knee flexion strength

harvest group [13]. The main outcome variable was
the ACL quality of life outcome measure and there
was no difference between groups at any point in
time during follow up. The score did increase with
time at each of the three follow up visits until 12
months postoperatively but no further improvement
was seen at 24 months. While our study cannot be
directly compared to the two above because of the
differences in tendons harvested and follow up proto-
cols we are able to provide further evidence that the
negative effects of hamstring tendon grafting are
resolved by one year postoperatively.

A strength of our study is that we can confirm the
previous findings of Cody et al. [1] that isolated gracilis
tendon harvesting leads to a reduction of knee flexion
strength. We also deepen the understanding of the sub-
jective outcome after this procedure by being the only
study presenting the results of a validated patient related
outcome measure. As gracilis autografts are widely used
in orthopedic procedures outside of knee surgery these
results are important to establish the safety and outcome
of the harvesting procedure in such settings and allow
surgeons to provide patients a detailed preoperative
information [1-6].

Angle Operated leg (N) Non-operated leg (N) Actual difference (N) Relative difference
60° Mean Force (SD) 199.7 (78.2) 2124 (76.1) —12.7 (21.6) 093 (0.1)

P-value 0.0051 0.0025
90° Mean Force (SD) 123.1 (54.6) 1459 (54.7) —22.7 (27.0) 0.83 (0.19)

P-value 0.0002 0.0002

Mean force is presented in Newtons. Actual difference is calculated by subtracting the force of the non-operated leg from that of the operated leg. Relative
difference is calculated by dividing the force of the operated leg by that of the non-operated leg. SD standard deviation. p-values from the paired Wilcoxon

signed-rank test
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The main weakness of this study is that 5 of the 22
patients underwent surgery before the study was started
and are therefore lacking preoperative outcome mea-
sures. In these 5 cases we compared postoperative
KOOS scores to age and gender matched normative
values acquired from a population based study of 568
persons [15]. Further, while there was no statistically
significant decrease in KOOS scores one year postopera-
tively we did see a slight reduction in each of the five
subscales and with a larger sample size this might have
turned out to be significant. The differences were,
however, not larger than what is considered the minimal
clinically important change in any of the subscales [19].
Another weakness is that we did not systematically
examine the donor site in the post operative period to
look for local complications such as wound infection,
hematoma or muscle rupture. Instead we used medical
journal review in the Hospitals’ database to register
complications that the patients sought care for. It is pos-
sible that patients with complications have been treated
at other caregivers but this is unlikely as we are the only
orthopedic clinic in the area and postoperative compli-
cations are usually referred to us. Further, we only mea-
sured isometric knee flexion strength and did not assess
isokinetic performance, but as the two are closely related
and our results are in accordance with other studies we
do not believe this choice of method to have caused
erroneous conclusions [1, 16].

Conclusion

Gracilis tendon harvesting results in a weakness of
knee flexion but does not have significant impact on
subjective knee function and is a procedure that can
be recommended when an autogenous tendon graft is
needed.
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