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Abstract

Purpose: this study was conducted to assess the safety
and efficacy of a new surgical technique for anatomi-
cal reconstruction of the coracoclavicular (CC) and
acromioclavicular (AC) ligaments using one single-
strand semitendinosus tendon graft. 
Methods: eighteen patients affected by chronic type
III-V AC joint dislocations were included in the pre-
sent study between January 2010 and March 2012. All
underwent the same surgical operation and rehabilita-
tion protocol. The semitendinosus tendon was harve-
sted from the ipsilateral knee. The CC and AC liga-
ments were reconstructed using the graft passed
beneath the coracoid and through bone tunnels in the
clavicle and in the acromion. The graft was secured
with non-absorbable sutures. Radiographic recurrence
of AC joint dislocation was the primary outcome.
Clinical outcome was assessed using the DASH score
and normalized Constant score. Wilcoxon’s signed-
rank test was used for comparison between pre- and
postoperative results. Significance was set at p≤0.05.
Results: the mean follow-up duration was 26.4+2.3
months (range: 24-30 months). On X-ray evaluation,
only two patients (11%) showed asymptomatic recur-
rence of AC joint instability. Comparison between
pre- and postoperative DASH and Constant scores
showed significant clinical improvement (p<0.001).
Conclusion: anatomical reconstruction of CC and AC
ligaments using an autologous semitendinosus tendon

graft for the treatment of AC joint dislocation provi-
ded good and reliable clinical and radiological results
with a low failure rate at short-term follow-up.
Level of evidence: level IV, therapeutic case series.

Key Words: acromioclavicular, coracoclavicular, dislo-
cation, reconstruction, semitendinosus.

Introduction

Acromioclavicular (AC) joint injuries are common and
account for about 12% of all shoulder injuries in clini-
cal practice (1), a rate that increases to almost 40% in
athletes participating in contact sports (2, 3). This may
actually be an underestimation of the true prevalence of
these injuries since many individuals with low-grade
injuries, i.e. type I or II according to Rockwood et al.
(4), may not seek medical attention (5). A recent longi-
tudinal cohort study reported an incidence of 9.2/1000
AC joint injuries among young athletes. In particular,
male athletes seem to be at greater risk than female ath-
letes (6). This is most likely due to different patterns of
risk-taking behavior and participation in contact sports,
rather than to anatomical differences between the gen-
ders. Most AC joint injuries occur in the third decade
of life and AC joint dislocations are commonly sustai-
ned as a result of participation in sports such as football,
soccer, hockey, rugby, cycling and skiing (2, 3, 5, 7-9).
The mechanism of injury leading to a dislocation can be
direct or indirect. The most common cause is a direct
blow to the shoulder with the arm in adduction. Due to
the high strength of the sternoclavicular joint, the AC
joint and the clavicle are weak points, particularly
susceptible to injury (7,10). The AC capsule-ligamen-
tous structures are first to fail, leading to increased loa-
ding of the coracoclavicular (CC) ligaments. 
Despite the frequency of these injuries, many aspects
of their treatment remain unresolved. 
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Conservative therapy is widely accepted as the gold
standard for Rockwood type I and II injuries (4) and
there is also consensus that type IV to VI dislocations
should usually be treated surgically (11). Instead, treat-
ment for type III lesions remains controversial (12, 13).
Conservative treatment of type III AC joint dislocations
is widespread and several promising re sults have been
published (14, 15). However, some au thors have repor-
ted residual symptoms such as pain and weakness after
conservative treatment of type III injuries; therefore,
operative reconstruction has been recommended in
young patients who have physically demanding occupa-
tions or participate in sports activities (16, 17).
Nowadays, there is huge variability in surgical indica-
tions and available surgical techniques in this setting.
Because of the distinct functional anatomy of the two
CC ligaments (the conoid and the trapezoid) there has
been a tendency to focus on anatomical reconstruction
of these structures to obtain improved function and sta-
bility (18-20). Open and arthroscopic techniques for
reconstructing the conoid and trapezoid ligaments have
been developed. Recently, several clinical studies repor-
ted promising results with procedures using biodegra-
dable screw or cortical button fixation with or without
the use of a tendon graft (21, 22). As this approach
alone does not directly address the disrupted AC liga-
ment complex, horizontal instability due to insufficient
healing could result. While the CC ligaments are widely
recognized to be responsible for vertical stability (23),
horizontal stability is mainly attributed to the AC joint
complex (24). Since it has been shown clinically that
horizontal instability of the AC joint may result in seve-
re chronic pain and functional shoulder impairment
(25), there is growing interest in specific techniques
thought to improve horizontal stability. 
The purpose of the present study was to present a new
technique for anatomical reconstruction of the CC
and AC ligaments using an autologous semitendinosus
tendon graft. Moreover, we report the functional and
radiological outcome of this surgical procedure ap -
plied in 18 patients affected by chronic Rockwood ty -
pe III-V AC joint dislocations. 
Our starting hypothesis was that this technique would
give equivalent or superior functional results compa-
red with those reported in the literature for other sur-
gical procedures and that the additional AC ligament
reconstruction would lead to improved horizontal sta-
bility and radiological results with a lower rate of re-
dislocation. 

Methods

This study was designed as a prospective case series, to
assess the safety and efficacy of a surgical technique
for anatomical reconstruction of the CC and AC liga-
ments using one, single-strand semitendinosus ten-
don graft. 

Inclusion and exclusion criteria
The indications for surgery were the presence of chro-
nic type III-V AC joint dislocation with pain and dis-
comfort at the affected shoulder with restriction of
working activities and/or activities of daily living. AC
joint dislocation was considered chronic when the
interval from injury to our observation was longer
than two months.
All the patients underwent a radiographic study (antero-
posterior, axillary and Zanca views), to assess the type of
AC joint dislocation, and a magnetic resonance imaging
scan to rule out concomitant rotator cuff pathology and
to evaluate degenerative changes of the articular surfaces
of the AC joint and glenohumeral (GH) joint. 
Exclusion criteria were: age under 18 years, concomi-
tant rotator cuff tears (partial thickness or full-thick-
ness), a history of previous ligament reconstruction
procedures that had required harvesting of the semi-
tendinosus tendon from the ipsilateral or contralateral
knee, a history of traumatic injuries and/or previous
surgery to the same shoulder, and degenerative chan-
ges of the GH joint.

Population
A total of 18 patients (1 woman and 17 men) affected
by chronic type III-V AC joint dislocations were
included in the present study between January 2010
and March 2012. They were aged between 21 and 49
years (mean age: 27.5+8.2 years) and they presented
type III (8 cases), type IV (4 cases) or type V (6 cases)
dislocations. In all cases the dislocation had been cau-
sed by a direct trauma to the shoulder, in six cases
sustained in an accidental fall during working activi-
ties, in eight cases in a traffic accident, and in four
cases while practicing sport. Eleven patients were
manual workers and seven had sedentary occupations.
The following types of sport were practiced: collision
sport in two cases, contact sport in four cases, over-
head sport in three cases, and non-contact sport in five
cases. Four patients did not practice sports activities.
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Intervention
In each case, a standard operating room table was set
up in a beach chair position at 60° of flexion. The
patient was positioned as laterally as was safely possible.
A small pad was placed beneath the medial border of
the scapula. This serves to stabilize the scapula, and also
raises the shoulder away from the table thereby impro-
ving access to the clavicle, which is critical when dril-
ling bone tunnels. The operating field was draped from
the sternoclavicular joint to the neck; the draping also
extended to several centimeters behind the posterior
aspect of the clavicle, including the upper arm. 
A second operating field was prepared for harvesting
the semitendinosus tendon graft from the ipsilateral
side. The leg was placed in a figure-of-four position
and a side support was usually used. A tourniquet was
then placed on the proximal thigh (Fig. 1).

Graft harvesting
A 3-cm oblique skin incision was performed over the pes
anserinus. An oblique incision was preferred to a vertical
one to lessen the risk of injury to the infrapatellar branch
of the saphenous nerve. The soft tissues were dissected
down to the sartorial fascia, and the semitendinosus was
visualized. The fascia was then incised, and the semiten-
dinosus was identified and bluntly dissected with a right-
angle clamp. Blunt dissection was continued medially to
define the interval between the superficial medial colla-
teral ligament and the semitendinosus tendon. The ten-
don was then sharply released from its insertion on the
proximal tibia and whip-stitched with a No.2 FiberWire
(Arth rex, Naples, FL, USA). Blunt dissection was used
to identify any adhesions around the tendon and to sepa-
rate the tendon from the fascia of the medial head of the
gastrocnemius. The tendon was then released from its
distal muscle-tendon junction by means of a tendon
stripper and taken to the back table for preparation (Fig.
2). The fascia was closed with a No. 1 Vicryl suture
(Ethicon, Somerville, NJ), whereas the subcutaneous tis-
sue was closed with No. 2-0 Vicryl suture (Ethicon). A
3.0 Vycril suture was used for skin closure.

Graft preparation
After freeing the graft from the remnant muscle tissue,
the proximal end of the graft was whip-stitched with
another No. 2 FiberWire (Arthrex). The stitches applied
to the graft ends served to make the distal diameter of

the graft as small as possible in order to facilitate its pas-
sage through small tunnels and prevent fraying of the
graft edges. The graft length and diameter were then
evaluated using a graft sizer. The graft was usually 20-25
cm in length and 4.5-5 mm in diameter. It was then
mounted and fixed on a traction device (Arthrex) with
clamps. Pre-tensioning was applied manually and main-
tained for at least 20 minutes (Fig. 3).

AC joint preparation
A perpendicular skin incision, 5-6 cm in length, was
made, running about 1.5 cm medial to the AC joint,
from the posterior edge of the clavicle to the tip of the
coracoid (Fig. 4). The deltotrapezial fascia was incised
along with the superior aspect of the clavicle, respecting
the natural demarcation between the trapezius inser-
tion onto the posterior aspect of the clavicle and the

Joints M.F. Saccomanno et al.

Fig. 2. Graft harvesting. The tendon is released from its distal muscle-
tendon junction by means of a tendon stripper.

Fig. 1. Patient positioning for surgical procedure. The operating room
table is set up in a beach chair position at 60° of flexion. The patient
is positioned as laterally as possible. The draping extends to several
centimeters behind the posterior aspect of the clavicle, including the
upper arm. A second operating field is prepared for harvesting the
semitendinosus tendon graft from the ipsilateral side (arrow).
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deltoid origin on the anterior clavicle. This incision
extended medially beyond the conoid ligament inser-
tion and laterally over the AC joint and the anterior
third of the acromion. Needle tip electrocautery was
used to begin raising flaps off the bone before using an
elevator. In addition, tagging stitches were placed in the
flaps to facilitate accurate re-approximation at closure.
Retractors were used to retract the flaps. The exposure
was completed by freeing the distal clavicle and AC
joint of soft tissues that were preventing joint reduction
(Fig. 5). The clavicle was also released from the trape-
zial fascia in type IV separations.
The reducibility of the dislocation was assessed by pus-
hing up on the elbow to elevate the scapulohumeral
complex. Visual inspection was usually adequate for
assessing reduction.
The clavicle was prepared by drilling bone tunnels in
the anatomical locations of the CC ligaments. The
conoid ligament tunnel was placed 40 mm medial to
the AC joint and at the posterior aspect of the clavicle.

Furthermore, the conoid tubercle was palpated on the
undersurface of the clavicle and used as a secondary
reference landmark. After placement of a 2.4-mm
guide pin, a 5-mm tunnel was made using a cannula-
ted reamer passed over the guide pin, with a “ream-in,
pull out” technique. Next, the trapezoid ligament tun-
nel was prepared in the same manner. It was placed in
the middle of the superior aspect of the clavicle and 20
mm lateral to the conoid tunnel. Then, a third tunnel
in the medial end of the acromion was prepared in the
same manner. It was placed 10 mm lateral to the
medial aspect of the acromion, in line with the trape-
zoid ligament tunnel (Fig. 6).

Graft passage and fixation
The graft was passed into the tunnels and beneath the
coracoids, either using a shuttling PDS (Ethicon,
Somerville, NJ, USA) stitch and a curved clamp or a
flexible suture passing device. A No.2 FiberWire and a
No. 2 TigerWire (Arthrex) were passed with the graft
into the clavicular tunnels to provide additional initial
non-biological fixation of the CC ligaments. The graft
was passed from the conoid ligament tunnel beneath
the coracoid (from medial to lateral) into the trapezoid
ligament tunnel and over the acromion into the acro-
mial tunnel and again into the trapezoid ligament tun-
nel like a loop. The AC joint was then manually redu-
ced. Prior to fixation, the quality of reduction was exa-
mined visually. While an assistant maintained the

Fig. 4. Surgical approach. A perpendicular skin incision, 5-6 cm in
length, is made, running about 1.5 cm medial to the AC joint, from the
posterior edge of the clavicle to the tip of the coracoid.

Fig. 3. Graft preparation. The graft is whip-stitched with one No. 2
FiberWire at both ends and mounted on a traction device with
clamps. Pre-tensioning is maintained for at least 20 minutes.

Fig. 5. Surgical approach. The deltotrapezial fascia is incised along
with the superior aspect of the clavicle, respecting the natural demar-
cation between the trapezius insertion onto the posterior aspect of
the clavicle and the deltoid origin on the anterior clavicle. The expo-
sure is completed by freeing the distal clavicle and AC joint of soft
tissues that might prevent joint reduction.

©
 C

IC
 Ed

izi
on

i I
nt

er
na

zio
na

li



10 JOINTS 2014;2(1):6-14

Joints M.F. Saccomanno et al.

Fig. 6. Tunnel placement. The conoid ligament tunnel is placed 40 mm
medial to the AC joint and at the posterior aspect of the clavicle (A). The
trapezoid ligament tunnel is placed in the middle of the superior aspect
of the clavicle and 20 mm lateral to the conoid tunnel (B). A third tun-
nel in the medial end of the acromion is placed 10 mm lateral to the
medial aspect of the acromion, in line with the trapezoid ligament tun-
nel (C). The line drawing shows the positioning of the three bone tun-
nels (D).

reduction, the free ends of the FiberWire and
TigerWire were first tensioned and then tied. Then,
the sutures of the graft exiting the trapezoid tunnel
were tensioned and tied over the graft in order to
reconstruct the superior and inferior AC ligaments.
Similarly, the other limb of the graft (exiting the
conoid tunnel) was tensioned to secure the reduction
and was fixed on the superior aspect of the clavicle to
the part of the graft running from the trapezoid tun-
nel to the AC joint, for additional security and rein-
forcement of the repair (Fig. 7). 

Closure
The deltotrapezial fascia was carefully closed with inter-
rupted non-absorbable sutures (No. 2 Ethibond;
Ethicon). Attachments of the anterior deltoid fascia and
of the trapezius fascia were brought together with inter-
rupted stitches. The knots were placed on the posterior
side of the flap to minimize skin irritation. The subcu-

taneous layer was closed with 2.0 Vicryl (Ethicon) sutu-
res, and a 3.0 Vycril suture was used for skin closure.

Postoperative rehabilitation
During the first six weeks, the patients wore a Kenny-
Howard sling which provides support and protects the
surgical repair against the pull of gravity. After remo-
val of the sling, a rehabilitation program was underta-
ken, which was divided into three phases, each lasting
four weeks:
• Phase one: prevention of scar adhesions, full reco-
very of passive range of motion.

• Phase two: closed kinetic chain exercises to streng-
then the rotator cuff, the subscapularis tendon and
the scapular stabilizers.

• Phase three: open kinetic chain exercises, proprio-
ceptive and plyometric exercises, postural rehabilita-
tion of the kinetic chain (lumbopelvic, lumbar tho-
racic, scapulothoracic).

A

C

D

B
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Return to sports activities and heavy manual work was
allowed 4-6 months after surgery.

Outcome measurements
Radiographic recurrence of AC dislocation was consi-
dered the primary outcome of the study. Secondary
outcomes included: assessment of disability-related
quality of life and evaluation of global functional sta-
tus of the operated shoulder.
All patients underwent a radiographic study (antero-
posterior, axillary and Zanca views) to assess recurren-
ce of AC joint instability, defined as subluxation or
frank re-dislocation. The outcome was dichotomized
(yes or no) according to the presence of a complete
anatomical reduction of the AC joint in both the coro-
nal and the axial plane. 

Disability-related quality of life was assessed using the
national validated version of the Disabilities of the
Arm, Shoulder and Hand (DASH) questionnaire (26).
This is a self-administered questionnaire which measu-
res physical ability and symptoms of the upper extre-
mity and explores the impact of functional impairment
and pain on daily living tasks as well as on social and
recreational activities, work and sleep. The scoring
system of the questionnaire is based on a metric scale,
ranging from 0 (minimum disability, best result) to
100 points (maximum disability, poorest result).
Functional evaluation of the shoulder was performed
using the Constant-Murley shoulder outcome score
(herein referred to as the Constant score), which is
recommended by the European Society of Shoulder
and Elbow Surgery (SECEC/ESSE) for assessing

aC joint reconstruction with semitendinosus graft

Fig. 7. Graft passage and fixation. The graft is passed from the conoid ligament tunnel beneath the coracoid (from medial to lateral) (A). The graft
is then passed into the trapezoid ligament tunnel and over the acromion into the acromial tunnel and again into the trapezoid ligament tunnel
(B). The sutures of the graft exiting the trapezoid tunnel are tied over the graft in order to reconstruct the superior and inferior AC ligaments. The
other limb of the graft (exiting the conoid tunnel) is fixed on the superior aspect of the clavicle to the part of the graft running from the trapezoid
tunnel to the AC joint (C). The line drawing shows the steps of graft passage and fixation (D).
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shoulder disorder treatment outcomes. The scoring
system is based on subjective (sleep, work, recreational
activities) and objective (range of motion and
strength) components, adjusted for age and gender,
according to normative data reported by Yian et al.
(27). The summary score ranges from 0 (worst result)
to 100 (best result). A final radiographic and clinical
follow-up was scheduled for all the patients at two
years after surgery. Secondary outcome measures were
collected at baseline and at follow-up visits by an inve-
stigator blind to the treatment undertaken.

Statistical analysis
Statistical analysis was performed by an independent
data analyst using the SPSS version 17.0 software
(SPSS, Chicago, Illinois). The Wilcoxon signed-rank
test was used for comparison between pre- and posto-
perative results. Spearman’s rank correlation coeffi-
cient was calculated for subgroup analysis according to
the following predictors of outcome: age, type of dis-
location, type of work, and type of sport. The signifi-
cance level was set at p ≤ 0.05.

Results

All the patients were available for follow-up. The mean
follow-up duration was 26.4+2.3 months (range: 24-
30 months).
On the basis of the radiological findings, only two
patients (11%) showed recurrence of AC joint instabi-
lity. Specifically, they had asymptomatic AC joint sub-
luxation in the coronal plane.
Clinically, significant differences were found (p<0.001)
between the mean pre- and postoperative overall
DASH (89.3+5.7preop vs 6.6+8.4 postop) and Con -
stant (58.5+7.2 preop vs 90.3+4.9 postop) scores.
Subgroup analysis revealed no differences in outcomes
according to age, type of dislocation, type of work,
and type of sport practiced (Tab. 1).

Discussion

Surgical treatment of AC joint dislocations has been
performed since 1861 (28). To date, over 80 different
surgical techniques have been described. This is likely
due to a general dissatisfaction with available treat-

ment options. Historically, primary fixation of the AC
joint consisted of pin fixation using either smooth or
threaded Kirschner wires after a closed or open reduc-
tion. In 1941, Bosworth popularized the use of a per-
cutaneous screw for CC fixation (29). In 1976, Balser
(30) first introduced the hook plate for stabilization of
AC dislocations. This plate was fixed, with screws, on
the top of the distal end of the clavicle and ensured AC
reduction by means of a transarticular hook engaging
at the undersurface of the acromion. Unfortunately,
these techniques were often associated with hardware-
related complications that required implant removal.
Subsequently, a multitude of soft tissue surgeries were
described, whose aim was to recreate the function of
the disrupted CC and/or AC ligaments. Transfer of
the coracoacromial (CA) ligament from the acromion
into the resected distal clavicle was first suggested by
Cadenat in 1917 (31) and reported in 1972 by Weaver
and Dunn (32). Since then, a large number of modifi-
cations have been described. However, many of these
modified Weaver-Dunn procedures have since been
abandoned because of their high re-dislocation rates
(33-35), which are probably due to the fact that the
transferred ligaments are not as strong as the native
CC ligaments and cannot reproduce their normal ana-
tomy. As a result, anatomical CC ligament reconstruc-
tions, which aim to recreate the anatomy of the CC
ligaments utilizing stronger autogenic, allogeneic or
synthetic graft materials, have been developed in the
hope of decreasing complication rates and improving
stability and functional outcomes. Over the past deca-
des, the management of the distal clavicle in the set-
ting of AC dislocations has also evolved. In 1941
Mumford (36) popularized the isolated distal clavicle
excision (DCE) for the treatment of AC dislocations.
Even though this technique gave poor results because
it failed to address the instability (37), DCE has been
incorporated into many subsequent procedures used
to treat AC instability, especially chronic instability, in

M.F. Saccomanno et al.

Table 1. Subgroup analysis according to predictors of outcome.

DASH score Constant score

rho coefficient p rho coefficient p

Age 0.027 0.916 0.341 0.166
Type of dislocation 0.111 0.661 -0.113 0.654
Type of work 0.308 0.214 -0.253 0.311
Type of sport 0.002 0.995 -0.182 0.471
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order to remove a potential pain generator and prevent
AC joint osteoarthritis. 
The surgical technique described in this paper is based
on knowledge of the anatomy and biomechanics of the
AC joint as well as of the history of previous techni-
ques used to address AC dislocations. It includes an
anatomical reconstruction of the CC and AC liga-
ments using a free tendon graft without any fixation
device, only high-strength non-absorbable sutures,
and it conserves the AC joint. 
A body of biomechanical (38-41) and clinical (42) data
has shown anatomical CC ligament reconstruction
using autologous semitendinosus tendon to be superior
to the Weaver-Dunn procedure and also to more clo-
sely reproduce the function of the native CC ligaments.
Recently, several anatomical techniques using different
fixation devices, such as biotenodesis screws (21, 43) or
buttons (44, 45), have been described. Despite good
clinical outcomes (43), complications related to clavi-
cle fractures and hardware failure have been reported
(46-48). In an attempt to minimize complications and
favor a biological environment, we decided not to use
any fixation device, but rather sutures.
The decision to retain the AC joint is somewhat con-
troversial. A recent biomechanical study showed that
resection of the distal clavicle leads to increased hori-
zontal translation, therefore, only sparing resection of
the distal clavicle should be performed, and only if
strictly indicated (49).
Moreover, there is no strong clinical evidence to sup-
port routinely performing a concomitant DCE. Some
authors (50) did not report any additional improve-
ment after a concomitant DCE. Others (51, 52)
reported that when the AC joint is retained, some
patients will develop symptomatic osteoarthritis that
can require future treatment. However, none of the
patients included in our series complained of AC joint
pain, even at two years after surgery. We decided to
retain the AC joint because it has been shown to
improve the horizontal stability of the repair.
Our case series underwent a single reconstructive tech-
nique and further studies are required to allow direct
comparisons of this technique with different opera-
tions. However, only two of our patients showed
asymptomatic subluxation, a result which compares
favorably with previous studies.
The main goal of the surgical approach is to reduce the
dislocation and create an environment for proper soft

tissue healing and, subsequently, persistent AC joint
stability. Reviewing the current literature, it remains
uncertain which technique provides best restoration of
the AC joint anatomy and whether postoperative
radiological alterations of the AC joint anatomy
influence the functional outcome. The technique
described in the present study allows an anatomical
and biological reconstruction of the CC and AC liga-
ments because it uses autografts without any additio-
nal fixation device, only sutures, in order to minimize
the risk of complications already encountered after
using screws or metal implants.
In conclusion, anatomical reconstruction of CC and
AC ligaments using an autologous semitendinosus
tendon graft for the treatment of AC joint dislocation
provided good and reliable clinical and radiological
results with a low failure rate at short-term follow-up.
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