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Abstract

Purpose Arthroscopically assisted acromioclavicular joint (ACJ) stabilization techniques use bone tunnels in the clavicle and
coracoid process. The tunnel size has been shown to have an impact on the fracture risk of clavicle and coracoid. The aim
of the present study was to radiographically evaluate the alterations of the clavicular tunnel size in the early post-operative
period. It was hypothesized that there would be a significant increase of tunnel size.

Methods Twenty consecutive patients with acute high-grade ACJ (Rockwood type IV-V) injury underwent arthroscopic-
assisted ACJ stabilization. The median age of the patients was 40 (26—66) years. For all patients, a single tunnel button—tape
construct was used along with an additional ACJ tape cerclage. Radiologic measurements were undertaken on standardized
Zanca films at two separate time points, immediate post-operative examination (IPO) and at late post-operative examination
(>4 months; LPO). The LPO radiographs were taken at a median follow-up period of 4.5 (3—6) months. Clavicular tunnel
width (CT) and coracoclavicular distance (CCD) were measured using digital calipers by two independent examiners and
the results are presented as median, range, and percentage.

Results The median CCD increased significantly from 9.5 (8—13) mm at IPO to 12 (7-20) mm at LPO (p <0.05). Median
tunnel size showed significant difference from 3 (3—4) mm at IPO to 5 (4-7) mm at LPO (p <0.05). Despite a significant
increase of 2 mm (66.6%) of the initial tunnel size, there was no correlation between tunnel widening and loss of reduction.
Conclusion Arthroscopic ACJ stabilization with the use of bone tunnels led to a significant increase of clavicular tunnel size
in the early post-operative period. This phenomenon carries a higher fracture risk, especially in high-impact athletes, which
needs to be considered preoperatively.
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Introduction

Acromioclavicular joint (ACJ) injuries frequently occur
in the young athletic population or high-energy trauma
cohorts. It accounts for 8% of all joint dislocations and
has an incidence of 9.2 injuries per 1000 person-years in
young athletes [29]. The Rockwood classification is widely
used to grade the severity of injury [30] and provide guid-
ance regarding the treatment plan. Surgical management is
recommended for patients with high-grade injury (Rock-
wood type IV-VI) [22].

Evolution of arthroscopic techniques in joint surgery
and advances in implant designs have made arthroscopic-
assisted ACJ stabilization an increasingly popular method
for surgical management of acute high-grade ACJ inju-
ries [5, 8, 37]. It predominantly carries advantages over
other surgical methods in terms of a minimally invasive
approach, facilitating management of associated intraar-
ticular lesions, good visualization of the coracoid and
retaining the implant rendering a secondary surgery
unnecessary [4, 8, 31, 32].

The overall principle of arthroscopic-assisted stabili-
zation in acute ACJ injury is to use an internal bracing
that provides reduction of the AC joint during the healing
process of the CC and AC ligaments. Though this method
is widely used, there is a lack of evidence about the ideal
“golden standard” technique [4-6]. For internal bracing
with a suture button fixation device, bone tunnels within
the coracoid and the clavicle are used [8, 26, 39]. How-
ever, biomechanical studies have shown that the number
and size of these tunnels have an impact on fracture risk of
the clavicle and/or coracoid [6, 24, 25, 27, 35]. It has been
reported that a proportion of patients undergoing these
techniques has developed progressive tunnel widening that
can contribute towards increasing the risk of fractures post
operatively [2, 5, 34, 40, 41]. Since this phenomenon has
not been the focus of investigation yet, the aim of the pre-
sent study was to radiographically evaluate alterations of
the clavicular tunnel size in the early postoperative period
and to evaluate the association between tunnel widening
and loss of reduction. It was hypothesized that there would
be a significant increase of tunnel size post operatively.

Materials and methods

This study was conducted from June 2017 to December
2017. Due to the limited study duration, all the 20 patients
who presented with acute high-grade ACJ injury (Rock-
wood type IV-V) and underwent arthroscopic-assisted
ACIJ stabilization were included in the present study. For
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all patients, a single tunnel (ST) button—tape construct was
used supplemented with an additional ACJ tape—cerclage.
Radiologic measurements were made on standardized
Zanca (AP) films at two separate time points, immediate
post-operative examination (IPO) and late post-operative
examination (>3 months; LPO). Clavicular tunnel (CT)
width and coracoclavicular distance (CCD) were meas-
ured using digital calipers of a digital archiving system
(MediDoc) (Fig. 1) with measurement accuracy of 1 mm.
CT width was measured at its widest point, whilst the CCD
was measured from the highest point of the coracoid’s
convex surface to the lower margin of the clavicle at a
90° angle. Two surgeons independently measured each
CT width and CCD twice for reliability testing. IRB was
obtained from Klinikum rechts der Isar, Technical Univer-
sity of Munich, Germany with the number 233/14.

Surgical technique

The surgical technique used for all patients was a single tun-
nel (ST) double button—tape construct with an additional
ACJ tape—cerclage to improve horizontal stability. All sur-
geries were performed under general anesthesia comple-
mented with interscalene block in a standard beach-chair
position by two shoulder specialists (FM, MT). Initial gleno-
humeral diagnostic arthroscopy through a standard posterior
portal was carried out and associated intraarticular patholo-
gies were documented and addressed accordingly. Next,

Fig.1 Zanca view of acromioclavicular joint with sample of meas-
urements at immediate post-operative period (IPO) and late post-
operative period (LPO). a IPO image showing with 3 mm clavicu-
lar tunnel size and coracoclavicular distance of 9 mm. b LPO image
done at 4 months post stabilization. Clavicular tunnel widening to
6 mm and CCD measurement of 12 mm
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the base of coracoid was identified by opening the rotator
interval using a radio frequency ablation device through an
anterolateral working portal. Visualization was facilitated by
changing the scope to a lateral viewing portal. The coracoid
process was skeletonized to clearly identify its medial and
lateral borders along with the base. A 2 cm longitudinal inci-
sion was made over the clavicular insertion of the CC liga-
ments. Usage of a drill guide and a 2.4 mm cannulated drill,
a trans-clavicular and trans-coracoidal tunnel was created
under direct visualization with the scope in the subcoracoid
space, while the reduction was maintained manually. The
implant was passed in a retrograde manner and the cortical
button device positioned well-centered under the base of
coracoid. A second button was used over the clavicle and
the two high-strength suture tapes (Dog Bone; Fiber Tape;
Arthrex, Naples, FL) were tightened and secured with seven
half-hitches, while the reduction was confirmed by an image
intensifier. Then, one limb of the tape was passed through
two extra tunnels within the anterior acromion and knot-
ted back to the remaining sutures thus providing a cerclage
crossing over the ACJ, improving horizontal stabilization.

Post-operative rehabilitation: for the first 6 weeks, the
shoulder joint was immobilized with a sling, allowing only
elbow and wrist range of motion exercise. Gradual passive-
and active-assisted movements started 2 weeks after sur-
gery and the strengthening program started 12 weeks after
surgery.

Statistical analysis

Statistical analysis was performed with SPSS 19.0 software
(IBM Corp, Ehningen, Germany). The level of significance
was set at p <0.05. Differences of immediate post-operative
and late post-operative nonparametric metrical data were
analyzed using the Wilcoxon signed-rank test. A post hoc
power analysis for Wilcoxon signed-ranked tests (matched
pairs), with a 0.05, sample size 20, and effect sizes for cora-
coclavicular distance (CCD) d=1.167 (r=0.504), and for
clavicular tunnel width (CT) d=1.496 (r=0.5041) showed
power (1 — ) 0.99, and 1, respectively.

Results

All patients were males with a median age of 40 (26-66)
years at the time of surgery. Median coracoclavicular dis-
placement was 20 (range 15-25) mm at the time of diagno-
sis. The LPO radiographs were taken at a median follow-up
period of 4.5 (range 3—-6) months. The median CCD meas-
ured at [PO and LPO was 9.5 (8—13) mm and 12 (7-20) mm,
respectively, representing a significant difference (p <0.05).
The median loss of reduction regarding the CCD measured
at IPO and LPO was 2.5 mm. Mean tunnel size was 3 (3-4)

mm at [PO and 5 (4-7) mm at LPO, again representing a sig-
nificant difference (p <0.05). Overall, a significant increase
of 2 mm (66.6%) of the initial tunnel size was observed and
this widening occurred in 18 cases (90%) with the median
widening measuring 2 (0—4) mm. Tunnel widening did
not seem to correlate with loss of reduction (n.s). Twelve
(60.0%) patients with 2 mm loss of reduction or less showed
a median tunnel widening of 2 (0—4) mm while six (40%)
patients with more than 2 mm showed a median tunnel wid-
ening of 1.9 (0-3) mm (non-significant difference).

Discussion

The most important finding of the present study was that the
hypothesis about a possible tunnel widening after arthro-
scopically assisted AC joint stabilization was confirmed.
Additionally, this tunnel widening did not correlate with
the investigated loss of reduction.

The arthroscopic-assisted ACJ stabilization is an accepted
operative management in acute high-grade ACJ injury [1,
5, 12, 21]. Anatomic reconstruction utilizing suspensory
systems predominantly use high-tensile suture material or
synthetic graft in surgical management of acute ACJ insta-
bility. Most of these modern techniques use drilling of tran-
sosseous tunnels through the distal clavicle and coracoid for
stabilization with suture button devices [10, 13, 43].

Several variations of these technique do exist, especially
differing by the number of tunnels (single or double) or
usage of additional ACJ cerclages to provide horizontal sta-
bility [3, 8, 18, 39]. While good clinical results have been
shown, [12, 13, 31, 32] other studies have highlighted char-
acteristic complications unique to this technique such as risk
for fractures of the clavicle and coracoid [11, 17, 23, 25].

Apart from tunnel widening, the data from the present
study showed a significant amount of re-dislocation regard-
ing the CC distance in the early post-operative phase, which
has been described as the most common complication before
[44]. Shin et al. reported a loss of reduction following
arthroscopic coracoclavicular reconstruction using a single
tunnel in 33% of their patients, despite showing satisfactory
clinical outcomes [33]. The authors recommend an alterna-
tive to address this problem with double tunnel technique
to reconstruct conoid and trapezoid ligament independently
to provide stronger vertical stability [14, 33]. Nonetheless,
Gerhardt et al. also demonstrated loss of reduction (mean
3.6 mm) with favourable clinical results in their cohort with
double tunnel technique [16, 20]. In a retrospective study,
Sun et al. reported, tunnel location, button placement, and
osteoporosis, as risk factors for the loss of reduction [36].

Gowd et al. [17] reported fracture complications of
5.7% form an overall pooled complication rate of 14.2% in
a review and attributed the complication to the technique
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and specific construct used [17, 45]. Martetschléger et al.
also investigated the complications following the modern
reconstructive techniques for ACJ stabilization. They found
a 5.5% risk to sustain fracture complication with the use of
transclavicular—transcoracoid bone tunnels [24].

Thangaraju et al. recently reported on several cases of
fracture complications following arthroscopically assisted
ACI reconstruction. In all cases, a widening of the bone
tunnels was observed with the fracture lines running through
the tunnel. This was even more interesting since the fracture
complications occurred in the late post-operative phase, sug-
gesting the fracture risk to be a persistent problem since the
non-absorbing suture implants remain in place [38].

In the lab, it has been shown that fracture risk depends
on the number and size of the bone tunnels. Single tunnel
and smaller tunnel size have significantly lower risk com-
pared to double tunnel and larger tunnel size (> 2.4 mm) [7,
8]. Considering these facts, a post-operative widening of
the bone tunnels that has been described for AC joint graft
reconstruction [2, 12, 34, 38, 40, 46] might significantly
increase fracture risk over time. Therefore, in the present
study, the clavicular tunnel morphology has been observed
in the early post-operative phase to detect quality and quan-
tity of a possible tunnel alteration. Besides, it can be a factor
for loss of reduction.

In a retrospective review, Cook et al. used the GraftRope
(Arthrex Inc., Naples, FL) in 10 patients and reported loss of
reduction to be as high as 50% and an unexpected finding of
tunnel widening. There was 60% increase in the size of clav-
icle tunnels (initial diameter of 6 mm to an average increase
to 9.6 mm). This was suggested to be caused by motion at
the graft-bone interface. However, they did not correlate
the tunnel widening with loss of reduction [12]. Similarly,
in a case report of coracoclavicular ligament reconstruc-
tion with semitendinosus tendon, Yoo et al. postulated a
mechanical theory for tunnel widening based on findings
from ACL surgery. Constant multiplane motion occurring
at the ACJ contributes to more motion of the graft within
the tunnel that leads to a windshield-wiper or bungee-cord
effect as occurring in ACL surgeries with hamstring graft
increased tunnel width. The widening was noticed retrospec-
tively as early as 3 months after the surgery. However, the
patient showed good clinical outcomes and had maintained
reduction despite this phenomenon at more than 2 years of
follow-up [46]. In a prospective study reporting early failure
of coracoclavicular ligament reconstruction using TightRope
and GraftRope (Arthrex Inc., Naples, FL), Singh et al. have
documented tunnel widening in most of their nine patients.
They attribute this to the anatomic and biomechanical forces
acting of ACJ during shoulder movement leading to ‘wind-
shield-wiper’ micromotion and suggested in-vivo studies to
support this theory [34]. In their study, Virtanen et al. con-
cluded that lateral clavicle osteolysis and tunnel widening
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are a common occurrence and may influence the results of
treatment of chronic acromioclavicular joint dislocation with
autogenous tendon grafts that was stabilized with tenodesis
screws [40]. Baran et al. demonstrated clavicle tunnel wid-
ening in all their patients undergoing open anatomic cora-
coclavicular reconstruction using hamstring allograft with
high-strength suture augmentation and knotted graft fixation
without interference screws [2].

The results of the present study showed that 18 patients
(90%) among the patients after arthroscopically assisted AC
joint stabilization showed clavicular tunnel widening. The
use of cortical button and highstrength suture (Dog Bone;
Fiber Tape; Arthrex, Naples, FL) using a single tunnel tech-
nique resulted in a median 2 mm (66.6%) increase of tunnel
width. These changes already occurred at median follow-up
period of 4.5 months after surgery.

Hence, it is speculated that the ACJ micromotion contrib-
uting to tunnel widening is time dependent. Theoretically,
the micromotion is most at the initial period after stabili-
zation surgery, which gradually reduces as healing of the
native CC ligaments occur.

The drilling of the bone tunnels itself might also con-
tribute to early tunnel widening of the tunnels which might
lead to heatinduced bone necrosis following osteolysis [7,
9]. Another possibility that can be attributed to widening is
the direction of the tunnel created [36]. Eccentric drilling
of the bone can lead to an oblique tunnel which can further
lead to abrasion by the vertical suture that contributes to a
widened tunnel [15, 42]. In cadaveric model testing suture
materials in repetitive rotatory motion of reconstructed ACJ,
Kipple et al. conferred that relative motion between the bone
and suture material resulted in a sawing motion to cause
preferential wear and raised the need to consider associated
abrasive properties of high-tensile suture material [19].

The use of sharp drills, continuous irrigation to dampen
the heat produced along with perpendicular drill position
is paramount in reducing the possibility on initial tunnel
widening. To our knowledge, this is the first study directly
focusing on bone tunnel alteration after a single tunnel AC
joint stabilization with additional AC cerclage emphasizing
this phenomenon to occur with high-tensile sutures as well.
It was thought that widening might be another risk factor
for loss of reduction, nevertheless, it was not confirmed by
this investigation.

Several limitations of the present study need to be men-
tioned. Since a retrospective study was performed, the late
post-operative radiographies do vary and are not consist-
ently taken at exactly 3 months post operatively. However,
the alterations within the first month after surgery could
be shown, which was the goal of the study. As for all stud-
ies using radiographic measurement, possible measure
variances due to projection of the radiographs are pos-
sible, which need to be mentioned as further limitation.
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However, all patients have been checked for consistent
projection and correct radiographs before inclusion. Fur-
thermore, since a simple measurement of the clavicular
bone tunnels was performed with a digital ruler, no pre-
vious validation study was performed, but the inter-rater
reliability was calculated to provide reliable data. Since
this study was of preliminary in nature, all the LPO meas-
urements of tunnel size, regardless of the time points were
grouped into one category to give an overall assessment of
bone tunnel size in arthroscopic-assisted acute ACJ stabi-
lization surgery. However, a second study including larger
sample size is deemed necessary to better understand the
phenomenon of tunnel widening and its clinical impact.
Especially, additional investigations are necessary to com-
pare tunnel alteration in single and double tunnel tech-
niques and to study the long-term characteristic changes
since most of the implants are not removed and consist
of non-absorbable suture material. Despite the mentioned
limitations, this study reliably demonstrated the existence
of a tunnel widening phenomenon even in the early post-
operative period. This information should be taken into
consideration by clinicians when creating transosseous
tunnels in managing acute ACJ injuries.

The occurrence of tunnel widening and a possible frac-
ture risk was highlighted during informed consent proce-
dure in our current clinical practice. Furthermore, different
surgical techniques that do not use tunnels are discussed
for high-risk individuals such as contact athletes.

Conclusion

Arthroscopic ACJ stabilization with the use of bone tun-
nels leads to a significant increase of the clavicular tunnel
size in the early post-operative period. This phenomenon
carries a higher fracture risk, especially in high-impact
athletes which needs to be considered preoperatively.
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