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Abstract: Background: The arthroscopically assisted stabilization of AC joint dislocations with a
suture button system is an established procedure that is widely and successfully used in everyday
practice. The main advantages of this one-step method are the minimally invasive procedure and the
anatomical reconstruction of the ruptured coracoclavicular ligaments with a permanent implant. With
this technical note study, for the first time, the new method of navigated suture button implantation
in everyday clinical practice is described with the future goal of further reducing invasiveness and
increasing precision. Materials and Methods: The surgical technique is explained using precise
descriptions and illustrations, photos, X-rays, and 3D reconstructions based on clinical cases. The
step-by-step system setup and patient positioning, AC joint reduction and retention, 3D scan and drill
tunnel planning, stab incision and Kirschner wire navigation, and cannulated drilling and implant
positioning, as well as closure and documentation are described in detail. Results: The standard
coracoclavicular stabilization of AC joint dislocations with the 3D C-arm navigated suture button
method is described in detail. Furthermore, the feasibility of an additive horizontal acromioclavicular
suture cerclage, the implantation of an additional coracoclavicular suture button system, and the
single-stage cannulated screw fixation of non-displaced fractures is demonstrated. Conclusion: The
navigated suture button method aims to be simple, safe, minimally invasive, and precise. Prospective
clinical studies with a long follow-up should be carried out to determine the clinical and radiological
outcome in comparison with current methods.
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1. Introduction

With an incidence of 3–4 cases per 100,000 inhabitants per year and a share of 4–12%
of all shoulder injuries, acromioclavicular (AC) joint separations occur frequently. These
are usually sports injuries in young men after a fall on the outstretched arm or a direct
impact trauma to the shoulder [1]. In 1963, Tossy published the first useful and practical
classification of typical vertical AC joint instability in three degrees of severity, which was
supplemented by Rockwood in 1984 with three further grades [2,3].

There is a general consensus for the conservative treatment of type 1 and 2 injuries
and surgical treatment of type 4 to 6 injuries. For type 3 injuries, there is just a relative
indication for surgery [4], 3a (horizontally stable) more conservative, and 3b (horizontally
unstable) more surgical [5,6]. A wide variety of different surgical treatment options are
known [4]. However, two well-established procedures are currently used most frequently
and widely: conventional open reduction and hook plate (HP) fixation and arthroscopic
closed reduction and minimally invasive implantation of a suture button system (ASB) [7,8].
The HP is used more in trauma surgery [9], the ASB more in orthopedics and specialized
centers [10]. Another option for surgical stabilization, which is sometimes used for acute
as well as chronic dislocations, is the Weaver–Dunn procedure, in which the ruptured

Surg. Tech. Dev. 2024, 13, 214–226. https://doi.org/10.3390/std13020014 https://www.mdpi.com/journal/std

https://doi.org/10.3390/std13020014
https://doi.org/10.3390/std13020014
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/std
https://www.mdpi.com
https://orcid.org/0000-0002-0438-537X
https://orcid.org/0000-0001-7767-241X
https://orcid.org/0000-0002-6607-2539
https://doi.org/10.3390/std13020014
https://www.mdpi.com/journal/std
https://www.mdpi.com/article/10.3390/std13020014?type=check_update&version=2


Surg. Tech. Dev. 2024, 13 215

coracoclavicular ligaments are replaced by the transposition of the coracoacromial ligament
from the anterior acromion tip to the laterally resected clavicle [11–14].

The advantages of the ASB include slightly better clinical outcomes with a higher
patient satisfaction and quality of life, an earlier return to sport and return to athletic level,
a lower rate of horizontal instability (depending on the study considered), no need for the
secondary removal of osteosynthesis material (lower revision rate), and no direct rotator
cuff damage or osteolysis/fracture of the acromion [6,15–17].

Risks and complications such as the loss of reduction (26.8%), implant failure (25%),
and fractures of the clavicle and coracoid process (5.3%), as well as infections (3.8%) are
mentioned as general disadvantages of ASB [18]. Not mentioned are movement restrictions
(frozen shoulder) after shoulder arthroscopy in general and tunnel widening due to the
bone contact of the implant during mobilization [18].

Therefore, the ASB has been modified several times since it was first described in
2001 [13,19]. To increase the stability of the reconstruction, the human anatomy of the
coracoclavicular (CC) ligaments, consisting of the trapezoideal ligament and the conoidal
ligament, was imitated by implanting two separate suture button systems (double-button
technique (DSB)) [20]. However, several studies reported complications with iatrogenic
fractures and, again, residual horizontal instability [21–23]. Later, an additive horizontal
AC cerclage was recommended as a supplement to the conventional ASB technique [24–26].
The benefit of this horizontal suture cerclage is supported by biomechanical and clinical
studies [27–30], but there is also some controversy in the literature [31]. One study even
examined the double-strengthening of the conventional ASB method using an additional
suture button system CC and an additive horizontal cerclage AC [32].

In order to improve the intraoperative visualization of the bony structures of the
shoulder for everyday surgery, three-dimensional (3D) digital volume tomography (DVT
(-is another name for cone beam computed tomography (CBCT)) imaging with a mobile
C-arm image intensifier was successfully investigated [33–37]. For example, Theopold
et al. were able to demonstrate the superiority of intraoperative 3D imaging in several
studies with regard to detecting the position of Kirschner wires and screws in the proximal
humerus and glenoid [36–38]. Böhringer et al. confirmed the ability to accurately assess
the fracture reduction, plate and screw position, and cement flow in proximal humerus
fractures by using 3D DVT in everyday clinical practice [33]. In a further clinical study,
Hepp et al. were able to demonstrate the diagnostic superiority of multiplanar imaging over
X-ray imaging in two planes with regard to screw perforation in the plate osteosynthesis of
proximal humerus fractures [34].

The clinical feasibility of intraoperative 3D imaging on the shoulder can make image-
based computer navigation possible with the option of navigated drill tunnel creation
and suture button system implantation (navigated suture button (NSB) method). A few
in vitro studies on cadaver shoulders and synthetic shoulder models have already been
published [39–41], but the method has not yet been demonstrated clinically. However, in
the future, it may be possible to achieve a further reduction in invasiveness while, at the
same time, increasing the precision of implant placement for the best possible anatomical
reconstruction.

However, this study should first describe the clinical procedure of the method step
by step. Approval for the study was obtained from the local ethics committee with the
application number 88/23.

2. Surgical Technique

Step one, patient positioning and system setup (Figure 1): A rigid, simple, full-
carbonate table was used to position the patient in a beach-chair-like position in the
operating room. The patient was positioned on the slightly inclined table up to the edge of
the head and torso on the side of the shoulder to be operated on. The shoulder in question
should protrude over the edge of the table. A firm foam cushion was used under the seat
and a narrow ring under the head to fix the position. The arm was placed on the abdomen
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and secured with a sling. Two leather straps were used to secure the thorax and legs and a
bandage was used to slightly tilt the head to one side during the DVT scan. To protect the
lenses, the patient was wearing lead goggles, and an X-ray-proof lead mat was placed under
the thorax, abdomen, and gonads. As usual, the mobile isocentric C-arm image intensifier
(Siemens® Cios-Spin, Siemens Healthineers AG, Forchheim, Germany) was placed at the
patient’s head end in a slightly oblique, parasagittal position in order to exclusively image
the shoulder area in question. The exact position of the image intensifier was determined
before the start of the operation by aligning the laser cross on the AC joint in two planes
with the C-arm freely rotating through 220◦. The X-ray machine has a 30 × 30 cm flat
detector plate and a motorized rotation range of 195◦ in which up to 400 individual images
are calculated into a 3D data set [42]. The camera of the image-based navigation system
((Brainlab “Buzz”, consisting of hardware (instruments, references, cameras, and screens)
and software (Backbone 1.6.2.54, Backbone Viewer 1.6.2.578, Brainlab Buzz 1.0.0.12, and
Brainlab Nodemaster 1.6.0.48)) was movably installed on the ceiling on the same side as
the shoulder and the C-arm. After careful skin disinfection of the entire shoulder girdle,
the operating area was covered with sterile drapes and 2 g of cefazolin® (Fresenius Kabi
Deutschland GmbH, Bad Homburg, Germany) was given as an intravenous single-shot
antibiotic. An interdisciplinary team time-out was carried out as is standard before the
start of the operation.
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Figure 1. (a) Sketch of the system arrangement in the operating room with the equipment positioned
around the patient; (b) positioning of the patient on the outer edge of the carbon table in a slight
beach chair position; (c,d) adjustment of the mobile C-arm image intensifier by X-ray images in
2 planes; and (e) surgical site after covering with sterile drapes.



Surg. Tech. Dev. 2024, 13 217

Step two, AC joint reduction and retention (Figure 2): Closed reduction and retention
of the AC joint (temporary transfixation) was then performed percutaneously through
the acromion using a 2.5 mm Kirschner wire (K-wire) under two-dimensional (2D) X-ray
control. The wire was inserted horizontally from the anterior lateral acromion edge through
the acromion and AC joint into the lateral clavicle, crossing three stable corticalices. A
3 mm-diameter threaded wire was then inserted into the acromion dorsally parallel to the
first to securely attach the navigation reference laterally. The navigation camera was then
adjusted so that both references (both the one installed on the C-arm and the one attached
to the acromion) could be captured together. The first DVT was then performed and the
3D data set was created. This resulted in an average radiation exposure from 0.45 mSv for
tissue weighting factor ‘skin and bones’ (0.01), up to 5.38 mSv for tissue weighting factor
‘other tissues and thoracic organs’ (0.12) (scan data: 110 kV, 0.31 mAs, 15 pulse frequency,
0.139 dose step, 33.1 scene length, 448.55 DAP, 28.244 air kerma ref, large focus).
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Figure 2. (a) Closed AC joint reduction with percutaneous K-wire transfixation under X-ray control;
(b) mounted navigation reference on the lateral acromion edge fixed via a second K-wire; AND
(c) start of the first 3D scan.

Step three, 3D scan and drill tunnel planning (Figure 3): The anatomical AC joint
position was checked exactly using the multiplanar layers of the 3D data set. The CC drill
tunnel was then precisely planned on the navigation monitor. Care was taken to ensure
that the single tunnel would run as close as possible to the anatomy along the original
ligaments between the clavicle and coracoid. The center of the drill hole was planned to be
25–35 mm from the lateral clavicular edge [43].
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Figure 3. (a) 3D model reconstruction of the repositioned and retained AC joint; (b–d) CC drill tunnel
planning: (b) alignment of the pointer over the lateral clavicle and (c) on the X-ray image; and (d) drill
tunnel planning on the navigation monitor in the three DVT slices coronal, sagittal, and axial.

Step four, stab incision and K-wire navigation (Figure 4): In accordance with the drill
tunnel planning on the monitor, a 1.8 mm K-wire was inserted through a stab incision
above the clavicle using a navigated Yamshidi needle. The four corticalices of the two small
tubular bones (clavicle and coracoid) were noticeably penetrated. A second 3D DVT scan
was then carried out to check the exact position.
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ing X-ray control in two planes (a.p. and axial). A slight overcorrection was also tolerated 
[44]. The wound was closed over the implant above the lateral clavicle and the removed 
reference on the lateral acromion edge using non-absorbable sutures and sterile plasters. 
The average operating time was initially around 50 min. 

Figure 4. (a) Minimally invasive insertion of a K-wire in CC direction using a navigated Jamshidi
needle under real-time control on the monitor; (b) control of the wire position on a conventional
X-ray image; and (c) exact position control using a second DVT scan in the sagittal, axial, and coronal
slices as well as a 3D reconstruction.

Step five, cannulated drilling and implant positioning (Figure 5): The inserted 1.8 mm
K-wire was overdrilled to 4 mm with a cannulated drill, with the four corticalices again be-
ing noticeable. The implant (Arthrex AC TightRope® suture button system, Arthrex GmbH,
Munich, Germany) was then inserted through the drill tunnel and anchored below the
coracoid arch by flipping the titanium button. Finally, the AC joint K-wire transfixation was
removed, the suture button system was tightened with a tensioning device to 80 Newton
meters, and the suture ends were knotted to double-secure the knotless system.
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Figure 5. (a,b) Cannulated overdrilling of the inserted K-wire; (c,d) subsequent insertion of the
implant through the CC drill tunnel; and (e) tightening of the implant system with a tensioning
device after anchoring the lower titanium button.

Step six, final check, documentation, and wound closure (Figure 6): Finally, the
anatomical AC joint position and correct implant position were checked and documented
using X-ray control in two planes (a.p. and axial). A slight overcorrection was also
tolerated [44]. The wound was closed over the implant above the lateral clavicle and the
removed reference on the lateral acromion edge using non-absorbable sutures and sterile
plasters. The average operating time was initially around 50 min.
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Figure 7. (a) Zanca view and (b) Y-view of a Tossy 3b injury to the right shoulder; and (c,d) postop-
erative follow-up after 3 months. 

Figure 6. (a,b) Final X-ray control in 2 planes; and (c) wound closure picture of the stab incisions.

3. Possible Applications and Extensions of the New Method

Various possible applications for the method are listed below. First, we have the simple
3D C-arm navigated AC joint stabilization for a Rockwood 3b injury (Figure 7).
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Figure 7. (a) Zanca view and (b) Y-view of a Tossy 3b injury to the right shoulder; and (c,d) postoper-
ative follow-up after 3 months.

In addition to CC stabilization, it is also possible to apply a horizontal AC suture
cerclage (Figure 8). A drill tunnel was created in the central extension of the lateral clavicle
from the lateral acromion edge to the upper edge of the AC joint. One suture end of the
knotted CC implant was passed through the drill channel and the second through the soft
tissue directly above the acromion to the lateral side. There, the two sutures were knotted
together again under the transverse compression of the AC joint for horizontal AC cerclage.
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Figure 8. (a–e) Intraoperative PA (posterior anterior) view X-ray images of a right shoulder; (a) can-
nulated overdrilling of a CC K-wire implanted using navigation; (b) insertion of the implant through
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Another option for additive AC joint stabilization is the implantation of a second
CC implant in a V-shaped configuration (Figure 9). The anatomical course of the original
ligaments can be reproduced exactly here [43].

Surg. Tech. Dev. 2024, 13 220 
 

 

In addition to CC stabilization, it is also possible to apply a horizontal AC suture cer-
clage (Figure 8). A drill tunnel was created in the central extension of the lateral clavicle from 
the lateral acromion edge to the upper edge of the AC joint. One suture end of the knotted 
CC implant was passed through the drill channel and the second through the soft tissue 
directly above the acromion to the lateral side. There, the two sutures were knotted together 
again under the transverse compression of the AC joint for horizontal AC cerclage. 

 
Figure 8. (a–e) Intraoperative PA (posterior anterior) view X-ray images of a right shoulder; (a) can-
nulated overdrilling of a CC K-wire implanted using navigation; (b) insertion of the implant 
through the drill tunnel; (c) tightening of the CC Suture Button System; (d) nithinol wire is inserted 
through a horizontally drilled tunnel through the acromion; and (e) final check after tightening the 
horizontal AC cerclage. 

Another option for additive AC joint stabilization is the implantation of a second CC 
implant in a V-shaped configuration (Figure 9). The anatomical course of the original lig-
aments can be reproduced exactly here [43]. 
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Furthermore, non-displaced fractures (e.g., of the coracoid base) can be both recog-
nized and screwed in a minimally invasive manner using a stab incision and a navigated 
K-wire (Figure 10). 
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Figure 10. (a) Preoperative X-ray image of a supposed simple AC joint dislocation; (b,c) intraoperative
3D imaging with an additional non-displaced fracture of the coracoid base and an already inserted
additional K-wire for one-stage cannulated screw osteosynthesis; and (d) final X-ray control with the
implanted CC Suture Button System and the 3.5 mm cannulated titanium screw osteosynthesis of
the coracoid.

4. Risks and Limitations

The general risks of the method are the usual surgical complications such as injuries
to nerves, vessels, muscles, tendons, ligaments, and organs, with numbness, paralysis,
bleeding, hematoma, and dysfunction, as well as infection, impaired wound healing,
pain, restriction of movement, implant failure, iatrogenic tissue damage/fracture, persis-
tence/recurrence of symptoms, and possible follow-up surgery. However, the NSB method
aims to further reduce surgical invasiveness while, at the same time, increasing accuracy in
order to avoid these risks and complications.

The special risks of the suture button method, in general, are primarily implant failure
due to elongation and malpositioning with persistent instability, loss of reduction, and
widening of the drill tunnel, as well as implant migration/irritation and wound healing
problems [1,18]. Here, too, increasing the implantation accuracy aims to reduce the risks.

The specific disadvantages and risks of 3D-image-based computer navigation are the
increased effort required in the operating room, the necessary equipment (such as a full-
carbon table, a 3D DVT C-arm image intensifier, and an image-based computer navigation
system), and the increased radiation exposure for the patient due to the intraoperative
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DVT scan. However, with the NSB method, only the shoulder area in question is imaged.
Nevertheless, the known radiation protection measures must be exhausted. Among other
things, in order to protect the sensitive organs in the best possible way, lead mats and
protective goggles as well as gonad protection are used as standard.

Possible technical limitations of the new method could be patient-specific body char-
acteristics. For patients with narrow shoulders, a short neck, and a thick head, positioning
for exposure of the relevant shoulder area is certainly not easy. Furthermore, the method
is currently not recommended for children of growing age due to the possible increased
radiation exposure and the remaining implant. The method should also not be performed
on chronically unstable AC joint dislocations due to a reduced/lack of biological ligament
healing potential.

In order to minimize the surgical risk and possible complications as best as possible, a
very careful indication and precise planning of the surgical procedure is necessary [1].

5. Rehabilitation

The shoulder is protected in a Gilchrist bandage until the skin sutures are removed
two weeks postoperatively. The patient is then allowed to move the shoulder freely
below the horizontal plane without weight-bearing until the end of the sixth postoperative
week. A clinical radiologic follow-up is then performed to allow pain-adapted successive
movement and subsequent weight-bearing. Three months postoperatively, a further clinical
radiological follow-up is performed for complete release.

6. Discussion

ASB techniques for AC joint reconstruction have risen in importance in recent years [9,
44]. Several advantages of the method over the conventional open treatment are mentioned
in the literature. These include the minimally invasive procedure with less tissue damage
and, therefore, less pain postoperatively, faster convalescence, a lower risk of infection, and
a good cosmetic result. The use of the suture button system also enables the anatomical
reconstruction of the original ligaments and, as a one-step procedure, eliminates the need
for further surgery to remove the implant, although this remains possible in the future at
the patient’s request [6,15–17,44].

By using intraoperative 3D imaging with image-guided computer navigation to assess
the AC joint position and drill tunnel placement, the NSB method should be even less
invasive and more accurate [39–41,45].

Several studies on the ASB method point to the advantage of detecting intra-articular
comorbidities and the possibility of treating them in one go. However, it is not yet clear
to what extent these findings are of traumatic or degenerative origin, whether they are
symptomatic pathologies or incidental findings, and whether immediate treatment (usually
only debridement) is really necessary. Thereby, the general risks of shoulder arthroscopy,
such as postoperative shoulder stiffness, are barely mentioned in these studies [46,47].

Various extensions of the ASB method include the additive horizontal AC suture
cerclage and the double CC suture button system implantation in a V-shaped arrange-
ment [24,27,29–31]. With the navigated technique, both extensions can be performed as
well as the navigated screw fixation of fractures that are not significantly displaced.

7. Conclusions

The NSB method aims to be simple, minimally invasive, safe, and precise. In order
to validate this and compare it with established methods, prospective clinical trials with
a large number of patients and a long follow-up period should be carried out. The clin-
ical and radiological outcome between the open, arthroscopic, and navigated methods
should be investigated using standardized examinations with the evaluation of radiologi-
cal measurement data and clinical questionnaires on complaints and the function of the
affected extremity. A comprehensive long-term comparison with the hook plate and the
conservative approach would certainly be just as interesting, but no less challenging.
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In order to achieve the best possible postoperative outcome, however, very careful
patient selection and good surgical planning, including the choice of a suitable additive
stabilization procedure, should be ensured.
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