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Arthroscopic Coracoclavicular Ligament
Reconstruction of Chronic Acromioclavicular

Dislocations Using Autogenous Semitendinosus
Graft: A Two-Year Follow-up Study of 58 Patients
Juha O. Ranne, M.D., Ph.D., Terho U. Kainonen, M.D., Janne T. Lehtinen, M.D., Ph.D.,
Kari J. Kanto, M.D., Heidi A. Vastamäki, M.D., Ph.D., Mari K. Kukkonen, Ph.D., and

Mika T. Siitonen, MSc.
Purpose: To determine the results of operatively treated chronic acromioclavicular (AC) joint dislocations after 2-year
follow-up. Methods: Fifty-eight patients with chronic acromioclavicular separations underwent arthroscopic cor-
acoclavicular ligament reconstructions using semitendinosus autografts. Constant and Simple Shoulder Test scores were
determined before and 2 years after surgery as a part of standard clinical practice. General patient satisfaction with the
outcome (poor, fair, or excellent) also was assessed. In addition, for purposes of routine clinical follow-up, the
coracoclavicular distance was measured from the inferior cortex of the clavicle to the superior cortex of the coracoid using
anteroposterior radiographs taken 2 years after surgery. The results were compared with postoperative radiographs and
changes in the distance were recorded. The clavicular drill hole was similarly measured 2 years after surgery to detect
possible tunnel widening. Results: The mean preoperative Constant score increased from a preoperative mean of 52.6 �
16.5 to 94.7 � 7.9 at 2 years postoperatively (P ¼ .000). The Simple Shoulder Test score increased from a preoperative
mean of 7.7 � 1.64 to 11.8 � 0.7 (P ¼ .000). The mean coracoclavicular distance increased from 10.5 � 3.4 to 12.4 �
3.9 mm (P ¼ .009). The diameter of the clavicular drill hole increased from 6.0 mm to a mean of 8.4 mm. Two coracoid
fractures were observed, but no clavicular fractures. One patient experienced a deep infection, leading to total recon-
struction failure, and 2 patients had superficial postoperative infections. Forty-five patients (85%) reported excellent
subjective outcomes, and 8 (15%) reported a fair outcome. Conclusions: The outcomes of this series of coracoclavicular
ligament reconstruction were favorable and the number of serious complications was small. However, clavicular wound
issues were a significant problem. Coracoclavicular ligament reconstruction is a challenging procedure, but satisfactory
results can be achieved with careful patient selection and good technique. Level of Evidence: Level IV, therapeutic case
series
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Arthroscopy, Sports Medicine, and Rehabilitation
cromioclavicular (AC) joint separation is a com-
Amon injury, especially among young athletes
involved in contact sports.1,2 Typical symptoms
following trauma are pain and swelling of the AC joint
and an elevated distal clavicle position. Shoulder
motion also may be reduced due to pain. The typical
mechanism of trauma is a direct force on the shoulder
girdle driving the acromion inferiorly in relation to the
clavicle. This leads to AC joint capsule failure, followed
by a disruption of the coracoclavicular (CC) ligaments.
In Rockwood type I and II injuries, the capsular liga-
ment ruptures are partial, and the dislocation of the
distal clavicle is minor. In type III injuries, the AC and
CC ligaments are completely torn, and the distal clavicle
appears elevated. In type V injuries, the force has
additionally ruptured the attachments of the
, Vol 2, No 1 (February), 2020: pp e7-e15 e7

http://crossmark.crossref.org/dialog/?doi=10.1016/j.asmr.2019.10.003&domain=pdf
mailto:rannejuha@gmail.com
mailto:rannejuha@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.asmr.2019.10.003


e8 J. O. RANNE ET AL.
surrounding muscle insertions on the clavicle.3 The
scapula moves inferiorly, and the distal clavicle is
markedly elevated and unstable. In the rare type IV
injury, the distal clavicle is posteriorly displaced into the
trapezius muscle, and in type VI injuries, the dislocation
is under the coracoid process.4

There is general agreement that low-grade AC dislo-
cations (types I-II) should be treated conservatively,
whereas high-grade dislocations (types III-VI) may be
treated operatively.5,6 Conservative treatment typically
is offered first for type III separations, and in many cases
the distal clavicle stabilizes well. However, in some
cases, the distal clavicle remains unstable and painful.
The clavicle is the only rigid element that connects the
upper extremity to the axial skeleton. An unstable distal
clavicle can lead to scapular dyskinesis and SICK
(Scapular malposition, Inferior medial border promi-
nence, Coracoid pain and malposition and dysKinesis of
scapular movement) scapula syndrome.7e9 Therefore,
operative treatment also may be needed for type III
separations. Operative treatment is generally indicated
in type IV, V, and VI injuries.10 Athletes and younger
active patients often tend to receive operative
treatment.11,12

The complication rates in surgically treated AC dis-
locations are comparatively high, with problems vary-
ing from hardware failure, implant irritation, and
clavicle and coracoid fractures to reconstruction failures
and infections.13,14 Most of the operative techniques
mentioned are still in use today, because as yet, no
operative standard has been established for the treat-
ment of this kind of trauma.15,16 However, it is possible
that rather than one standard technique, several par-
allel techniques will suffice, depending on the prefer-
ences of the surgeon.
The purpose of this study was to determine the results

of operatively treated chronic AC joint dislocations after
2-year follow-up. The hypothesis was that by using a
good technique with selected patients, arthroscopic CC
ligament reconstruction would be associated with
favorable clinical and radiographic outcomes, although
the procedure has a risk for clavicular wound infection
and a coracoid or clavicular fracture.

Methods
In this series, patients with Rockwood grade III and V

chronic AC separations were treated using the surgical
technique described by Ranne et al. between 2009 and
2016. 17,18 The patients were followed for 2 years after
surgery. All procedures except one (a revision case after
previous surgery failed) were primary operations. The
patients were carefully selected before surgery, and the
included patients were individuals motivated to strictly
follow the instructions given after surgery. The exclu-
sion criteria in this study were excessive additional
trauma such as rotator cuff tears requiring repair and
distal clavicle fractures. All patients were operated on
using the same arthroscopic technique by senior sur-
geons. The Constant score and the Simple Shoulder
Test were obtained both before and 2 years after sur-
gery. General patient satisfaction with the outcome
(poor, fair, or excellent) was assessed 2 years after
surgery. Using anteroposterior radiographs taken post-
operatively and 2 years after surgery, the CC distance
was measured from the inferior cortex of the clavicle to
the superior cortex of the coracoid recording any
change in the distance. The measurements were made
by the surgeons using a scale of the imaging program.
Similarly, the clavicular drill hole also was measured to
detect any possible tunnel widening. The indications for
surgical treatment in this study included AC joint pain,
distal clavicle instability, and scapular problems. Treat-
ment selection was not based on the radiographic
grading of the AC separation alone but on the
discomfort and pain experienced by the patient.
Statistical analyses were calculated using Minitab

software, version 18.1 (State College, PA). This includes
descriptive univariate statistics (arithmetic mean, stan-
dard deviation), 95% confidence intervals, t tests, and
graphs. Welch’s t test was used to compare whether
preoperative and postoperative groups differ from each
other. For CC distance, Welch’s t test result was verified
with classic 2-sample t test, as variances of these pop-
ulations were similar. For all t tests, the null hypothesis
stated that the difference between pre- and post-
operative groups is 0. Because all the P values were less
than the significance level, null hypothesis was rejected
and it could be concluded that there is a difference
between means of pre- and postpopulations. For clav-
icle drill hole diameter, significance could not be
calculated, as perioperative diameter was not measured
but nominal drill diameter was used instead. However,
in this case, postoperative 95% confidence interval of
mean was visually compared with the perioperative
drill diameter to verify the statistically significant in-
crease in drill-hole diameter. In other variables than
drill hole diameter, statistical significance was declared
when P < .05. The study was approved by the institu-
tional research board where the research was con-
ducted (Hospital Mehiläinen Neo, Turku, Finland).

Surgical Technique
The key element of the technique is the positioning of

the semitendinosus graft. The technique involves a
double-bundle reconstruction of the CC ligament
complex using the tendon graft. The anterior graft limb
projects superiorly and replaces the trapezoid ligament
while the dorsal limb of the graft is wrapped around the
dorsal edge of the clavicle, reconstructing the conoid
ligament (Fig 1). This effectively stabilizes the AC joint
and reduces the anteroposterior translation of the distal
clavicle. A supportive semitemporary fixation of the



Fig 1. The anterior tendon graft limb is fixed to the middle of
the clavicle, recreating the trapezoid ligament (a). The pos-
terior graft limb is wrapped around the posterior edge of the
clavicle, recreating the conoid ligament (b). Left shoulder,
anteromedial view.
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graft reconstruction was achieved by connecting a
GraftWasher button (Arthrex, Naples, FL) on the clav-
icle to a subcoracoid button with a strong no. 5
nonabsorbable suture or tape (Fig 2). As a subcoracoid
counterpart the DogBone button (Arthrex) proved to
be a practical solution. The semitendinosus tendon graft
shared the same drill holes with the supportive fixation,
and because there was only one centrally positioned
6-mm drill hole on the clavicle, the risk for a fracture
was minimal. The patient was placed in the beach chair
position to harvest the ipsilateral semitendinosus
tendon using a special instrument for the purpose and
its thickness was measured. The semitemporary fixa-
tion device was assembled and readied for the
operation.
Arthroscopy was initiated by inserting the arthro-

scope into the joint through the posterior portal, and
the joint was checked for possible additional pathology.
The lateral portal was opened by inserting a needle in
the front of the long-head biceps tendon aimed at the
proximal coracoid. The coracoid neck was exposed us-
ing an electrocautery. The primary camera position
during the actual reconstruction was in the lateral
portal. The anterolateral portal was established by using
a needle pointing to the coracoid neck. The distal
clavicle was released arthroscopically to ensure tension-
free as repositioning but was not routinely resected. The
2.5-cm sagittal clavicular portal or wound was opened
2.5 cm proximal to the AC joint. The exact position of
the portal was established using a needle. The needle
was positioned approximately 1 cm posterior to the
dorsal edge of the clavicle to easily reach the coracoid
neck area. The superior surface of the clavicle was
exposed for drilling through the same opening.
Conventional drill guides were used. First, a 4.5-mm
hole was drilled through the clavicle and coracoid us-
ing a guide pin. As the graft was to be fixed to the
clavicular tunnel with a 5.5-mm � 10-mm PEEK
(polyether ether ketone) interference screw, the
clavicular drill hole was enlarged to 6 mm. The passing
sutures for both the graft and fixation apparatus were
pulled through the bone tunnels using the lasso tech-
nique. The graft was first pulled through the clavicular
and coracoid drill holes to the anterolateral portal. The
graft end was then pulled to the clavicular portal behind
the clavicle. The interconnecting suture was then pulled
through the drill holes beside the graft to the antero-
lateral portal. The subcoracoid button was attached to
the suture loop and pulled back in to its placement
underneath the coracoid by the superior suture ends.
The end of the anterior limb was slipped straight
through the clavicular washer whereas the end of the
dorsal limb was extended over the dorsal rim of the
washer and then slipped through the clavicular drill
hole adjacent to the anterior graft limb. It was then
drawn to the anterolateral portal using the lasso
technique.
At this point, with the entire length of the graft and

the fixation apparatus in place, the repositioning of the
AC joint was checked arthroscopically to see that the
clavicle and acromion were at the same level. With the
repositioning reliably completed, the fixation device
was tightened and the graft tensioned simultaneously.
The arm was held in an arm holder in a slight anterior

flexion. The anterior graft limb was tensioned by
directly pulling superiorly while the posterior graft limb
was tensioned by pulling horizontally from the ante-
rolateral portal. The suture ends were tied over the
washer while maintaining the tension of the graft.
The graft was then fixed to the clavicular tunnel with a
5.5-mm � 10-mm PEEK interference screw. Finally,
the anterior graft limb was sutured on to the dorsal graft
limb behind the clavicle using unresorbable no. 2
suture, and the excess graft ends were removed. The
arthroscopic portals were closed with interrupted su-
tures, whereas the clavicular wound was closed in
layers to cover the washer and protruding suture knots.
The patients were discharged the same day and wore an
arm sling for 4 weeks. They were allowed for light
rotatory movements and passive arm lifting within the
limits of pain. Although the sling was removed after 4
weeks, active rehabilitation did not begin until 8 weeks
after surgery to allow enough time for recovery. The
patients were allowed to resume heavy labor 3 to 4
months after surgery and overhead activity and sports
at 6 months.

Results
The results for 58 patients with surgically treated

chronic type III and V AC separations (29 of each) are



Fig 2. (a) Anterior view of
the complete reconstruction
of a left shoulder. The
semitendinosus graft and
the interconnecting sutures
share the same drill holes.
(b) Anterolateral view
of the complete
reconstruction.
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reported in this series. The time from trauma to surgery
varied from 3 weeks to 10 years. Fifty-four cases were
male, 4 were female, and the mean age of the patients
was 36.38 � 13.30 years. Thirty-two patients (55%)
had injured their dominant side shoulder. Five patients
were lost from the follow-up: 1 case of deep infection
that led to graft removal; 1 case of subsequent, unre-
lated severe external trauma to the operated shoulder;
and 3 cases that could not reached. One noncompliant
patient was excluded from the follow-up.
The remaining 53 patients were able to return to

sports and heavy labor. The mean Constant score
increased from a preoperative mean 52.6 � 16.5 to 94.7
� 7.9 at 2 years postoperatively (P ¼ .000) (Fig 3). The
Simple Shoulder Test score increased from a preoper-
ative mean 7.8 � 1.6 to 11.8 � 0.7 (P ¼ .000) (Fig 4).
The CC distance increased from 10.5 � 3.4 to 12.4 � 3.9
(P ¼ .009) (Fig 5). The clavicular drill hole diameter
increased from 6 mm to a mean of 8.4 � 1.2 mm (Figs 6
and 7). There were no clavicular fractures. There were
2 cases of coracoid fractures in this study, although in
both cases the treatment was nonoperative. In another
case (an ice hockey player), a coracoid fracture was
detected during a routine radiograph 2 years after the
operation, but the patient had no clinical symptoms,
and the AC joint was stable. One patient had a deep
infection, and 2 had superficial wound infections. In 2
cases, the irritating suture knots on the clavicle were
removed in a later phase. Patient satisfaction was very
high. Among the 53 patients, 45 (85%) reported an
excellent outcome, and 8 (15%) reported a fair
outcome.

Discussion
The AC joint is a synovial joint that connects the

acromion to the distal clavicle. Medially, the clavicle is
connected to the sternum by the sternoclavicular joint.
The distal clavicle is stabilized by the CC ligament
complex and the AC joint capsule.19 The CC ligament
complex connects the clavicle and the coracoid process
and provides the AC joint with vertical stability, pri-
marily. The CC ligament complex consists of the lateral
trapezoid and medial conoid ligaments, which originate
from the superior surface of the coracoid process. The
AC joint capsule includes 4 ligamentous thickenings
(anterior, posterior, superior, and inferior ligaments),
which provide anteroposterior stability to the AC
joint.20e23

Historically, open procedures have been the domi-
nant surgical treatment strategy, but minimally invasive
techniques have been developed since the introduction
of arthroscopic surgery. The original techniques
included a temporary fixation of the distal clavicle with
CC screws, tension band fixations, and hook plates,
assuming that the scar tissue would fasten the clavicle
to its surroundings.24e26 With the exception of the
Weaver�Dunn technique, where the coracoacromial
ligament is used as a reconstructive graft, tendon grafts
are usually not used in these techniques.27 Many of the
current techniques include CC ligament reconstruction



Fig 3. Constant score populations with individual values and 95% CIs. The mean preoperative constant score increased 42.15
points from 52.57 � 16.46 to 94.72 � 7.89 at 2 years postoperatively (P ¼ .000). Constant score ranged from 0 to 100 points. (CI,
confidence interval.)
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using a hamstring tendon graft in an attempt to achieve
an anatomic solution and enhance the results’
longevity, especially in chronic cases.28e33 Although
hamstring tendon autografts and allografts are the most
Fig 4. Simple Shoulder Test with individual values and 95% CIs
4.08 points from 7.75 � 1.64 to 11.83 � 0.70 at 2 years postopera
12 points. (CI, confidence interval.)
commonly used in surgical procedures, new techniques
using artificial tendon grafts also have emerged.34e36 In
addition, many current techniques do not use a tendon
graft and instead rely on suture slings, especially in
. The mean preoperative simple shoulder test score increased
tively (P ¼ .000). Simple Shoulder Test score ranged from 0 to



Fig 5. Coracoclavicular distance with individual values and 95% confidence intervals. The mean coracoclavicular distance
increased 1.89 mm from 10.54 � 3.41 mm to 12.43 � 3.86 mm 2 years postoperatively (P ¼ .009). (CI, confidence interval; RTG,
anteroposterior radiograph.)
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acute cases.37e39 However, the techniques that recon-
struct the CC ligament complex with a tendon graft are
significantly better than suture sling methods at stabi-
lizing anteroposterior translation.31 The AC joint
capsule also plays an important role in the distal
clavicle’s anteroposterior stability, and addressing AC
joint capsule failure can enhance this stability.30,40,41

The Constant and Simple Shoulder Test scores were
significantly improved in this follow-up study, and
general patient satisfaction was high. These outcome
Fig 6. The diameter of the
clavicular drill hole
increased on an average
2.39 mm from 6 mm to
mean 8.39 � 1.22 mm. (CI,
confidence interval; RTG,
anteroposterior radiograph.)



Fig 7. Two-year postoperative anteroposterior radiograph of
a left shoulder with the measurement markings for the cor-
acoclavicular distance (7.7 mm) and the clavicular drill hole
(10.0 mm).
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measures were used as practical tests and indicate the
functional and subjective condition of the shoulder.
Patient satisfaction was closely related to the score
outcomes. The AC jointespecific outcome score, the
Nottingham Clavicle Score, was not used because this
study was performed before it was published.42

In this technique, a 6-mm clavicular drill hole was
required to house the graft that was pulled through the
bone tunnels twice and using a 5.5-mm interference
screw. Tunnel widening was detected during the
follow-up, but if centrally positioned, the single
anatomically positioned drill hole does not carry a risk
of clavicular fracture.43 The tendon graft, inter-
connecting sutures, and interference screw are the
probable reasons for tunnel widening. A 4.5-mm drill
hole was required for the coracoid process to pass the
semitendinosus graft, and this does carry a risk for the
coracoid fracture if improperly positioned.44 There was
1 patient with a deep infection and to restrain it, the
implants and entire reconstruction had to be removed,
leading to reconstruction failure. Two patients suffered
a superficial infection of the clavicular wound. The
most common complaint made by the patients was
related to the suture knots, which were easily palpable
on the clavicle. These irritating knots were removed in
2 patients under local anesthesia. However, new tech-
niques have been developed to address the difficulties
associated with suture knots.32,41

The authors currently use a modified technique using
a clavicular implant that hides the interconnecting su-
ture knot in the clavicular drill hole. This technique
does not require an interference screw and therefore
reduces the amount of foreign material underneath the
clavicular wound.41 The semitendinosus graft also can
be wrapped around the coracoid, avoiding the 4.5-mm
drill hole and thus minimizing the risk for a coracoid
fracture. After finishing the arthroscopic CC recon-
struction, we extend the clavicular wound over the AC
joint. The AC capsule is opened along its fibers and the
distal end of the clavicle is carefully mobilized and
reduced. After that, the CC reconstruction is tensioned.
Finally, the AC capsule is plicated and sutured tight
with interrupted no. 1 sutures to further stabilize the
anteroposterior translation of the distal clavicle. The
outcomes of this modified technique have been
promising.

Limitations
Only motivated, compliant patients were included in

this study. Inclusion of noncompliant patients (with
restrictions of rehabilitation) could result in inferior
outcomes. The procedures also were conducted by
experienced surgeons who routinely use the technique.
That may have an effect to the outcomes in general.
Lastly, various outcome scores have been used in pre-
vious studies, and therefore, these results cannot be
directly compared with those of other studies.

Conclusions
The outcomes of this series of CC ligament recon-

struction were favorable, and the number of serious
complications was small. However, clavicular wound
issues were a significant problem. CC ligament recon-
struction is a challenging procedure, but satisfactory
results can be achieved with careful patient selection
and good technique.
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