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Abstract

Introduction In athletes, acromioclavicular joint disruptions account for up to 50% of all shoulder injuries. In high-grade
injuries, surgery is favored to ensure a correct restoration of the joint, especially in young athletes. The aim of this study
was to compare the clinical, radiological and sport related outcomes of the arthroscopic stabilization with the fixation of
the AC joint in a mini-open approach.

Materials and methods 19 patients treated arthroscopically (ASK) and 26 patients with an acute AC-joint dislocation Rock-
wood V who had undergone the mini-open (MO) surgery were included. Constant Murley Score (CMS), Taft Score (TS)
and the Simple Shoulder Tests (SST) were evaluated. The sports activity level was determined according to Valderrabano
and the athlete’s recovery of their athletic activity level after surgery according to Rhee. Furthermore, all available X-ray
images were analyzed.

Results Patients in the ASK group achieved an average score of 11.7 +0.6 points in the SST, 10.3 £ 1.8 points in the TS
and 91.2 +11.8 points in the CMS. On average, patients in the MO group achieved results of 10.5 + 1.4 points in the SST,
11.7+0.7 points in the TS and 91.6 +9.8 points in the CMS. The ASK group showed significant difference regarding the
CC distance in side comparison (A =3.6 mm), whereas no significant difference was found in the MO group (A =0.8 mm).
In comparison of both groups, the posterior as well as the combined translation were significantly greater in the ASK group
than in the MO group (posterior: ASK: 24.8 mm, MO: 19.3 mm, combined: ASK: 29.1 mm, MO: 20.9 mm). Residual hori-
zontal instability was greater in the ASK group (43%) than in the MO group (32%). Similar results were achieved in sports
activity and the recovery of athletic activity (Valderrabano: ASK: 2.8, MO: 2.6; Rhee: ASK: 1.6, MO: 1.5).

Conclusions Both techniques prove to be effective for the stabilization of high-grade AC-joint disruptions in athletes and
showed excellent clinical results. From a radiographic standpoint, the mini-open procedure appears superior to the arthro-
scopic technique. After mini-open surgery postoperative loss of correction is less common and greater horizontal stability is
achieved. The results also suggest the mini-open technique is superior to the arthroscopic procedure when aiming to restore
the athlete’s original level of sports activity.

Level of evidence 1.

Keywords AC joint - Acromioclavicular - Dynamic translation - Rockwood - Twin tail - Horizontal instability - Mini-open -
Sports activity

Introduction

Injuries of the acromioclavicular joint are considered common
injuries, accounting for 12% of all injuries of the shoulder gir-
dle [1]. Furthermore, 50% of athletic injuries to the shoulder
B4 Jochen Huth region are attributed to injuries of the acromioclavicular (AC)

Jochen.Huth@sportklinik-stuttgart.de joint. Injuries of the AC joint are approximately 5—10 times
' Sportklinik Stuttgart GmbH, Taubenheimstr. 8, more common in males than in females [1, 2]. Depending on
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vary from a sprain of the AC joint’s capsule to a complete rup-
ture of all coracoclavicular ligaments as well as a detachment
of the delta-trapezial fascia. As a result of such an injury, one
to three dimensional instabilities of the AC joint can occur.
Cadaver studies have shown that forces as of 500-700 N result
in traumatic injury of the AC joint [3, 4]. In a biomechani-
cal study conducted by Mazzocca et al., findings show that
the correct reconstruction of the AC joint demonstrates an
important factor when ensuring both horizontal and vertical
stability of the AC joint under stress [5]. Therefore, surgical
treatment of AC-joint injuries, especially in young athletes, is
the therapy of choice. Though a variety of surgical procedures
exist, a gold standard has not yet been established. Findings
of the studies conducted to analyze the various surgical tech-
niques show comparable clinical as well as radiological results
in the medium term [2, 6-16]. Significant advances have been
made to optimize minimally invasive surgery in recent years.
For example, by applying a twin-tailed double TightRope ©
implant, the failure rate of the previously applied single Tight-
Rope © implant was significantly improved. Furthermore, this
approach provides the possibility of an exact reconstruction
of the AC joint with good vertical stability [16-21]. Surgical
attempts described by Berthold et al. in 2019, comprising of a
combination of both the CC reconstruction and transarticular
cerclage, promise an additional increase in horizontal stabil-
ity [22]. Alternatively, improved horizontal stability is also
achieved by the reconstruction of both the delta-trapezial-
fascia and the dorsal AC-joint capsule, which in contrast to
the arthroscopic technique, is made possible by application
of the TwinTail © implant in a mini-open surgical procedure.

The aim of this study was to compare the clinical and
radiological outcomes of the arthroscopic Double AC Tight-
Rope © stabilization with the Twin Tail TightRope fixation,
using a mini-open surgical approach, as methods of surgical
treatment of coracoclavicular instability in athletes. While
conducting this study, the athlete’s ability of being able to
return to their previous athletic activity and the possible
differences regarding dynamic translation, were especially
taken into consideration. It was expected that the mini-open
Twin Tail TightRope © reconstruction would provide at least
equivalent functional results in comparison to the frequently
investigated arthroscopic technique and that it would be
superior to the arthroscopic technique in terms of dynamic
posterior translation. Both surgical techniques were expected
to prove successful in regard to the patient’s recovery of their
athletic ability.

Materials and methods
Patients included in the study were athletes who had

received surgical treatment due to an acute injury of the
acromioclavicular joint throughout the previous 2 years at
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Table 1 Sports activity level according to Valderrabano [36]

Level Valderrabano Definition

No sports activity

Little sports activity (< 1 h per week)
Normal sports activity (1-5 h per week)
High sports activity (>5 h per week)

wm AW N -

Competitive sport

Table 2 Recovery of athletic activity according to Rhee [37]

Level Rhee  Definition

1 Full recovery of athletic activity

2 >90% recovery of the previous athletic activity

3 >70%

4 >50%

5 Difficulties pursuing daily routines, no athletic activity

the Sportklinik in Stuttgart, Germany. The patients were
divided into two groups, depending on the applied operative
procedure and according to the inclusion and exclusion crite-
ria. Additionally, a retrospective examination of the patient
was conducted postoperatively. All patients bearing German
citizenship and of the ages 18—60 who had received surgical
treatment due to the dislocation of the AC joint, classified
as a Rockwood type V injury, were included. Exclusion cri-
teria for the participation in this study were chronic disloca-
tions of the AC joint, severe cardiac or kidney disease, and
pregnancy. Additionally, patients who had received previ-
ous surgical treatment in another healthcare institution were
excluded from the study.

The postoperative follow-up examination (ASK
19.3+2.1 months, MO 20.4 + 1.9 months) contained a
standard clinical assessment of both shoulders as well as
the evaluation of the Taft Score (TS), the Simple Shoulder
Test (SST) and the Constant Murley Score (CMS). Muscle
strength was determined by using standardized isometric
dynamometry (Isobex TM Dynamometer, Medical Device
Solutions AG, Burgdorf, Switzerland) in 90° abduction and
30° anteversion of the shoulder and pronation of the hand.
The sports activity level was determined according to Val-
derrabano (Table 1) and the athlete’s recovery of their ath-
letic activity before surgery according to Rhee (Table 2).

Postoperative radiological imaging, carried out at the
same time as the follow-up examination, included projec-
tions of both shoulders in the Alexander view and weighted
panoramic view (5 kg), the non-operative shoulder serv-
ing as a reference. The coracoclavicular distance as well as
the width of the acromioclavicular joint were measured in
the panoramic view (Fig. 1). Dynamic stability (dt), pos-
terior and superior translation, as well as the combined
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posterior—superior translation, were determined by meas-
urement in the Alexander view projection (Figs. 2 and 3).
Furthermore, radiological findings such as signs of osteoar-
thritis, subluxations and dislocations of the AC joint were
gathered from the radiograph. The measurements were car-
ried out by the senior author.

Surgical techniques
Arthroscopic double TightRope technique

The patient is positioned in the beach chair position and the
operative arm is placed onto an armrest (Fig. 4a, b). After
completing the diagnostic arthroscopy through a dorsal
portal, an additional anterior and anterior—superior portal
are created. The coracoid is then located (from the inferior
perspective) using electrical ablation. Afterward, approxi-
mately 4 cm medial to the AC joint, an incision, 2 cm long
is made above the clavicle. Under fluoroscopic guidance, a
drill guide pin is positioned above the acromion and cora-
coid before a 4 mm-cannulated drill is advanced over the
pin through the clavicle and coracoid process. The Tight-
Rope is then positioned using a suture shuttle system and
the button of the TightRope is flipped under fluoroscopic
guidance below the coracoid process. A second implant is
then secured lateral to the first in the same technique. The
implants are positioned along the anatomical alignment of
the coracoclavicular ligaments. After arthroscopic docu-
mentation of the graft position, the anatomical position of
the AC joint is adjusted under fluoroscopic guidance. Knots
above the clavicle, under constant axial adjustment, then
secure the sutures. The wound is closed in layers (Fig. Sa—c).

Mini-open Twin Tail tight-rope technique

The patient is positioned in the beach chair position. A verti-
cal incision is made, approximately 3 cm medial to the AC
joint, along the anterior border of the clavicle in the direc-
tion of the coracoid process. After exposure of the delta-tra-
pezial fascia, the fascia is split lengthwise, and the clavicle

Fig. 1 Unilateral panoramic view after surgical reconstruction using
the double tight rope

Fig.2 Measurement of posterior-superior translation after surgical
reconstruction using the double tight rope: Blue: the horizontal line
demonstrating the posterior; the vertical line referring to the superior
translation. Yellow: combined posterior-superior translation

is dissected. An incision is made lengthwise through the
deltoid muscle to expose the base of the coracoid process.
This is followed by the insertion of the Twin Tail system
after a 4.5 mm drill incision is made through the coracoid
and the inserted button is flipped below the coracoid. After
two additional 4.0 mm drill incisions are made, positioned
2 cm and 4 cm medial to the AC joint, the anchors of the
suture system are channeled outwards (caudal-cranial). The
two buttons, cranial to the clavicle are flipped and loosely
tightened. Under fluoroscopic guidance, the buttons are
repositioned and tightened by the pulley system and the
sutures secured by knots. The dorsal segments of the joint
capsule are sutured, and the fascia is repaired (Fig. 6a—d).
Postoperative care.

Fig.3 Follow-up imaging in the Alexander view projection examin-
ing the horizontal translation after reconstruction using the Twin Tail
implant
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Fig.4 a Patient in beach chair/positioning of X-ray. b Landmarks und portals of the arthroscopically double tight-rope technique. red—Proc.

coracoideus, green—anterior portal over the clavicula, blue — Acromion

After surgery, a follow-up radiographic examination
consisting of a half panoramic projection without weight is
performed (Fig. 6).

The postoperative recovery program was identical in both
groups. An arm sling (Medi © Armschlinge) was used to
ensure stability of the joint and maintain the correct position
of the implant, which the patients were to wear throughout
the first 4 weeks following the surgical procedure. Addi-
tionally, patients received an ossification prophylaxis with
celecoxib given at a dose of 200 mg twice daily for 2 weeks
after the surgery. Contracture prophylaxis was administered
through physiotherapeutic assisted mobilization of the
shoulder in abduction and flexion up to 40 degrees until
completion of the second postoperative week. Thereafter,
passive extension of the mobility range was increased to 90
degrees. Full stress of the joint as well as weight-bearing on
the extended arm and rotational movement of the shoulder
were to be avoided until after the sixth postoperative week.
Neither one of the applied surgical techniques required the
removal of materials after recovery.

Statistics

The required number of patients for the study was deter-
mined by the GPower 3.1. software. According to the
expected mean value applied to the CS with 85 +4 points
and power of 95%, 18 patients were calculated to be required
for the arthroscopy group. Likewise, 18 patients were calcu-
lated as the required number of patients for the MO group
with an expected mean value applied to the CS of 80 +4
points and power of 95%.

Statistical analysis was performed using the IBM© SPSS©
Statistics software. The comparison of the individual group
values was carried out at a double-sided significance level of
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5%. P-values <0.05 were considered statistically significant.
The unconnected samples of the distribution-free interval-
scaled data were analyzed using the Mann—Whitney U test.
Results were given as an average value + standard error
(minimum-maximum).

A positive vote from the ethics committee of Baden-
Wiirttemberg was granted prior to the study (08/15/2013;
registry number: F-2013-052).

Results

A follow-up examination was conducted of 19 patients who
had received the arthroscopic surgery and of 26 patients
who had undergone the surgery in the mini-open tech-
nique. The average age of the patients in the ASK group
was 33 + 10 years and 35 + 10 years in the MO group. The
main cause of injury were injuries acquired during athletic
activities such as mountain bike riding (n = 12), snowboard-
ing (n=38), soccer (n=7), and skiing (n=5) and in rarer
incidents, accidents by falling, handball, rugby, or karate
injuries.

Clinical results

Both groups showed good-to-excellent results in the clinical
score evaluations with no significant differences between
both groups which are shown in Table 3.

Radiological results

Coracoclavicular distance and width of the AC joint

The radiological results concerning the coracoclavicular
distance and the width of the AC joint are shown in Table 4.
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Fig.5 a Placing the drilling over the anterior portal. b Transclav-
icularly drilling under fluoroscopic view. ¢ Arthroscopic view of the
placed k-wire under the coracoid

There were significant differences in the ASK group regard-
ing the CC distance, ranging from+ 3.6 mm+3.5 (— 1.0
to 10.5 mm, p=0.003), and the width of AC joint, show-
ing+2.6 mm=+2.4 (—0.8 to 8.7 mm, p=0.006) when com-
pared to the non-operative shoulder. In the MO group, no
significant differences were found in the CC distance after
comparison of the operative and non-operative shoulder.
Considering the mean value, a significant difference in the
AC distance of + 1.9 mm+2.6 (— 1.8 to 8.3 mm) was also
found in the MO group when compared to the non-operative
shoulder (p =0.002).

When comparing both patient groups, no significant dif-
ferences in measurement of the CC- and AC- distances of
the operative shoulder were found (CC distance: p=0.075,
AC distance p=0.905).

Dynamic translation (DT)

In the ASK group, significant differences were found in
the superior (p =0.053) and the combined translation
(p=0.018). No significant differences were found in the
mere posterior translation after comparison of the operative
and non-operative shoulder (p =0.152).

In the MO group, there were no significant differences in
either translation when both shoulders were compared (supe-
rior: p=0.317; posterior: p=0.788; combined: p=0.772).

In order to offer comparison to similar studies, a differ-
ence in the combined translation greater than 5 mm, while
comparing the operative with the non-operative shoulder,
was counted as a “residual horizontal instability”.

Accordingly, 43% of patients in the ASK group showed
a residual horizontal instability, whereas in the MO group,
only 31% of patients showed a residual horizontal instabil-
ity (Table 5).

When comparing the ASK and the MO group, both the
posterior and the combined translation were significantly
greater in the ASK group than in the MO group (posterior:
A =5.5 mm; combined: A=8.2 mm, p=0.001).

Coherence of clinical and radiological results

Overcorrection of the AC joint did not result in any func-
tional deficits in athletes in reference to the Constant Murley
Score (CMS). In both cases with the greatest overcorrection
of 1.8 and 1.5 mm of the AC joint, 94 and 96 points were
achieved in the CMS score. In the cases of overcorrection
of the CC distance of 3.8 and 2.4 mm, scores of 95 and 98
points were achieved in the CMS.

In the ASK group, three subluxations and three dislo-
cations showed heterogeneous score results (subluxations:
53, 96 and 97 points; dislocations: 74, 96 and 97 points).
Likewise, four patients (15.4%) from the MO group showed
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Fig.6 A Insertion of the Button into the insertion hole in the coracoid. b Passing the first loop through the lateral clavicle whole. ¢ Passing the
second loop through the medial clavicle whole. d X-ray with correct positioning of the lateral clavicle

Table 3 Mean value of the functional results in both groups

Constant score Simple shoulder  Taft score
test
ASK group 91.2+11.8 11.7+£0.6 10.3+1.8 (5-12)
(53-100) (11-12)

MO group 91.6+9.8

10.5+1.4 (8-12)

(62-100)

p-value n.s

11.7+0.7 (9-12)

heterogeneous results in their CMS score with 81, 89, 94
and 96 points.

Return to sports and the level of sports activity

Patients of the ASK group showed an average level of

sports activity of 2.8 according to Valderrabano. This was
equivalent to a weekly amount of 5 h of sports. Sports

Table 4 Coracoclavicular distance und acromioclavicular distance found in both groups given in mm

CC distance

CC difference

AC distance

AC difference

ASK group

Non-operative shoulder ASK group

13.2+4.1 (8.0-21.3)
9.6+2.1 (6.4-14.5)

3.6+3.5 (= 1.0 to 10.5)

p=0.003

6.7+3.0 (3-13.9)
41415 (1.7-7.4)

2.6+2.4 (0.8 t08.7)
p=0.006

MO group 11.0+3.1(5.7-18.4) 0.8+3.3 (-3.81t010.3) 44+2.1(1.7-9.6) 1.9+2.6 (—1.8t08.3)
Non-operative shoulder MO group 102+2.7(2.8-154)  p=0492 6.3+2.2(3.1-10.8)  p=0.002
CC-difference AC-difference
Comparison of the difference in both groups A=2.6 A=0.7
p=0.075 p=0.905
Table 5 Dynamic translation in both groups given in mm
Superior Posterior Combined
Operative Non-operative Operative Non-operative Operative Non-operative
ASK group 11.5+59 6.0+3.2(2.0-10.3) 24.8+59 204+7.5 29.1£1.6 22.5+6.8
(4.6-22.8) (1.9-31.5) (6.5-29.7) (26.8-31.8) (9.0-30.1)

Comparison of the A=+5.5 A=+44 A=6.6

difference in the  p=0.053 p=0.152 p=0.018

ASK group
MO group 9.2+3.6(2.0-18.7) 82+3.8(3.5-17.2) 19.3+7.1 18.4+6.1 209+59 20.4+5.9

(9.8-36.8) (5.9-30.3) (10.1-29.2) (9.4-28.1)

Comparison of the A=1.0 A=09 A=05

difference inthe  p=0.317 p=0.788 p=0.772

MO group

Superior Posterior Combined
Operative Non-operative Operative Non-operative Operative Non-operative

Comparison of A=23 A=22 A=55 A=2.0 A=82 A=2.1

the difference in  p=0.483 p=0.216 p=0.037 p=0.304 p=0.001 p=0.290

both groups
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activity on a competitive level (Valderrabano level 4) was
practiced by five patients of the ASK group. Athletes in
this group reported to have been able to achieve average
results in their return to their athletic activity with a result
of 1.6 points according to Rhee, which is equivalent to
90-100% of their previous athletic capacity. One patient
was reported not being able to return to his athletic activ-
ity, achieving five points in the Rhee score and continued
to experience difficulties during regular day-to-day rou-
tines. All in all, 13 of 19 patients were able to completely
recover their previous athletic activity.

In the MO group, a similar average level of sports activity
of 2.6 points according to Valderrabano was found. Upon
average with a point score of 1.5 according to Rhee, likewise
a 90-100% recovery of the patient’s athletic capacity was
achieved. One patient recovered only 50% of his previous
athletic capacity claiming four points in the Rhee score. 20
of 26 patients within the MO group achieved a full recovery
to their previous level of sports activity.

Complications

Out of 19 patients, 6 showed a relevant increase of the cora-
coclavicular distance postoperatively in the ASK group,
whereas three of these were to be classified as subluxations.
Re-dislocation of the AC joint occurred in three cases post-
operatively due to the dislocation of the TightRope button.
In 4 of 26 cases postoperative loss of reduction was found
within the MO group, showing a subluxation of the AC joint
in the follow-up examination. A complete loss of correction
of the AC joint was not found throughout this group (Figs. 7
and 8).

Fig.7 Half-panoramic view after Twin Tail reconstruction

Fig.8 Radiograph demonstrating a complete re-dislocation after dou-
ble TightRope stabilization

Discussion

The aim of this study was to compare the clinical and radi-
ological results of both surgical techniques when treating
athletes practicing sports on a high or competitive level. The
athlete’s ability to return to their previous sports activity and
possible differences in dynamic posterior translation (DPT)
received special consideration. The most important finding
of this study is that the mini-open technique provides better
radiological results with a significantly lower dynamic pos-
terior translation than the comparable arthroscopic method.
An explanation for this outcome is most likely found in the
additional reconstruction of the fascia and dorsal joint cap-
sule. Both surgical techniques proved successful in restoring
athletic capacity after acute AC-joint injuries. However, the
results suggest that the mini-open technique is mild superior
to the arthroscopic procedure regarding the recovery of the
athlete’s original level of sporting activity. Nevertheless, the
arthroscopic procedure in cases of AC-joint injuries can be
helpful to detect concomitant injuries to the shoulder joint
[23].

Throughout the previous years, various surgical tech-
niques have been developed for the treatment of high-grade
acromioclavicular joint disruptions. A study conducted by
Bahlke et al. in the year 2015 showed that at the time, stabi-
lization of the acromioclavicular joint was most commonly
performed by hook plate fixation. Arthroscopic or mini-open
techniques for surgical coracoclavicular stabilization using
the TightRope were the second most conducted operative
procedures [24]. A gold standard for surgical treatment of
AC-joint disruptions has not yet been established. A pro-
spective level II study, conducted by Stein et al. [25], dem-
onstrated that the arthroscopic stabilization is superior to
the hook plate fixation. Nevertheless, various studies on the
implementation of the hook plate fixation as well as on the
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TightRope procedure and the PDS cerclage technique show
good-to-excellent clinical results [2, 6-16]. Likewise, the
surgical techniques observed in the course of this study show
comparable excellent results in the evaluation of the Con-
stant Murley Score (ASK: 91.2 points, MO: 91.6 points), as
well as very good results in the Taft Score and the Simple
Shoulder Test (Taft: ASK: 10.3 points, MO: 10.5 points;
SST: ASK: 11.7 points, MO: 11.7 points).

Despite the excellent clinical results, a postoperative
increase in the CC distance as well as a residual horizontal
instability are often found in the Alexander view. Studies
have shown that neither a narrowing of the AC joint nor
an increase in the CC distance correlate with poor clinical
outcomes. When observing the width of the AC joint of
the non-operative shoulder in comparison to the operative
shoulder, a significant increase in the width of the AC joint
was found in both groups (MO: p=0.002, ASK: p=0.006),
which, however, did not affect the clinical outcome.

Radiological analysis showed three subluxations (15.8%)
and three dislocations (15.8%) with very heterogeneous
CMS results in the ASK group. The three patients of the
MO group who experienced subluxations (15.4%) achieved
good-to-excellent CMS results (81, 89, 94, and 96 points).
These results are comparable to those gathered in other
studies conducted on coracoclavicular stabilization using
the PDS cerclage technique. In these studies, the authors
reported an average subluxation rate of 14.3% and mean
dislocation rate of 5.3% with likewise consistent excellent
functional results [7, 14, 26]. Patients who had received an
overcorrection of the AC joint showed no functional deficits
according to the CMS results. Outcomes of this study as well
as those of other studies suggest that overcorrection of the
AC joint is to be preferred over a remaining subluxation of
the AC joint. Therefore, under consideration of this aspect,
the mini-open procedure proved superior to the arthroscopic
technique. In summary, occurrences of loss of correction in
the MO group were less relevant, and more overcorrections
were observed in the MO group than in the ASK group.

In contrast to this, increased DPT has been repeatedly
associated with poorer functional results, whereas improve-
ment of the horizontal stability coincides with better clinical
results [18, 27, 28]. The correct placement of the coracoi-
dal drill channel has already been identified as a key vari-
able for improving horizontal stability [29]. It has also been
shown that the now common use of two coracoidal sutures
is superior to the use of only one suture connection [16, 17].
Despite the implementation of these findings, a high rate of
residual horizontal instability of 48% on average remains in
many studies (42.9-53.3%) [16, 19, 20, 27]. In this study, in
the ASK group, a residual horizontal instability was found
in 43% of cases, while this was only the case in 31% of the
MO group. It should also be emphasized in the analysis of
these results that none of the measurements in the group
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MO showed a significant difference in dynamic instability
between the non-operative and operative shoulder. Addition-
ally, the posterior and combined translation of both the non-
operative and operated shoulder were significantly lower in
the MO group than in the ASK group (posterior: p=0.037,
combined: p=0.001).

The results of this study show that the mini-open implan-
tation of the TwinTail Tight-Rope implant provides better
results concerning dynamic posterior translation than a mere
arthroscopic approach with a comparable implant. The addi-
tional fascial suture and reconstruction of the dorsal joint
capsule are most likely responsible for the increase in hori-
zontal stability. Whether this hypothetically more stable con-
struct of soft tissue reconstruction and twin-tailed implant
provide better clinical and radiological results in the long
term remains to be investigated in further studies and com-
pared with additional possibilities of horizontal stabilization.

Return to sports and level of sports activity

Through both of the applied surgical techniques, this
demanding patient population achieved a high rate-of-return
to their original level of sports activity. With an average level
of sports activity of 2.8 according to Valderrabano, 69% of
the patients in the ASK group were able to recover their full
athletic capacity. In the MO group, 77% of the patients were
able to fully recover their previous athletic capacity with an
average level of sports activity of 2.6 according to Valder-
rabano. 20 of 26 patients within the MO group achieved a
full recovery to their previous level of sports activity.

The results of this study suggest that more sportsmen
achieved a full recovery to their previous level of sports
activity when the mini-open procedure was used. Even if
this not significant. Therefore, these are consistent with the
findings of Faggiani et al. in 2016 which demonstrated that
patients receiving the mini-open procedure showed signifi-
cantly better results in the SPORTS score than those who
had been treated arthroscopically [30].

Studies on the return to sporting activities after twin-
tailed coracoclavicular stabilization using comparable
implants show an average recovery rate of the previous level
of sports activity of 80.4% (62-92%) [11, 31-34]. In the MO
group, a similar outcome was achieved. However, in these
studies, none or no comparable classifications of the level of
sports activity were applied. Therefore, the results are to be
considered critically and an absolute comparison is difficult.

Nevertheless, it should be noted that despite good func-
tional results, an average of one quarter of all patients in
this study and about one fifth of the patients in comparable
studies were unable to return to their initial sporting level.
As in the studies mentioned above, the functional results
of this study are essentially based on the Constant Murley



Archives of Orthopaedic and Trauma Surgery (2023) 143:5491-5500

5499

Score. However, remaining residual instability or limitations
under maximum load, as is often the case in sports, are insuf-
ficiently evaluated.

Due to the described clinical and functional relevance of
dynamic posterior instability, a standardized assessment of
dynamic posterior translation should be established in the
future. Scheibel et al. provide a possible approach for this
with their Acromioclavicular Joint Instability Score which,
however, is hardly applied [27]. Likewise, Kraus et al. pro-
posed the introduction of a new classification of AC-joint
disruptions, which not only includes the consideration of
vertical instability, but also dynamic posterior translation
[35]. In order to improve the functional comparison and
evaluation of AC-joint treatment, a uniform methodology
should be established for the conduction of future studies.

Limitations

Due to the drop out of patients with very good results who
did not consider further examination necessary, the size of
the groups varies. Nevertheless, the results of the remaining
patients provided satisfactory on functionality, stability, and
sports level after surgical treatment of AC-joint disruption.
An additional limitation of the study is the circumstance that
as there was no control group, meaning that only a compari-
son between the two groups and similar surgical procedures
can be drawn. Also, based on this study, further statements
on the conservative treatment options cannot be made.

Conclusion

Both surgical procedures observed in this study prove to be
effective techniques for the stabilization of high-grade AC-
joint injuries in athletes. From a radiographic standpoint,
surgical treatment by the mini-open procedure proved supe-
rior to the arthroscopic technique. However, a significant
correction can be performed using both techniques. Patients
undergoing the mini-open procedure are less likely to expe-
rience a loss of correction. Additionally, the extent of the
loss of correction in this group was less pronounced.

More importantly, the study showed that reconstruc-
tion of the AC joint by the mini-open procedure results in
a significantly higher horizontal stability in comparison to
the arthroscopic technique. It is probable that the further
increase in horizontal stability is achieved by the additional
reconstruction of the fascia and dorsal joint capsule. Both
groups showed excellent clinical results and, therefore,
both procedures prove to be effective treatment options for
the recovery of athletic capacity on a high to competitive
level. The results of the study suggest that the mini-open

procedure and the arthroscopic technique aiming almost the
same results to restore the previous level of sports activity.
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