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Background: The purpose of this study was to investigate whether heterotopic ossification (HO) in the
coracoclavicular (CC) space after surgical treatment of acromioclavicular joint (ACJ) injury is a compli-
cation or a sign of good prognosis.
Methods: Fifty-nine consecutive patients who underwent CC reconstruction with or without
augmentation of the ACJ for acute ACJ injuries were analyzed. Postoperative American Shoulder and
Elbow Surgeons (ASES) score, Constant score (CS), subjective shoulder value (SSV), and visual analog
scale (VAS) results were evaluated. For radiological evaluation, HO was evaluated, and CC distances
were measured.
Results: Fifty-one patients (11 women and 40 men; mean age, 36 years [range, 17-68 years]) were
evaluated after a mean follow-up of 3 years (range, 2-8 years). The mean ASES score at the follow-up was
82.73 (range, 51.6-100), mean CS was 85 (range, 50-100), mean SSV was 80 (range, 40-100), and mean
VAS was 1.9 (range, 0-5). It was observed that the clinical outcomes (ASES, CS, SSV, VAS) of patients who
developed ossification in the CC space were better than those who did not although it was not statis-
tically significant. No statistically significant differences were found in the clinical outcomes (ASES, CS,
SSV, VAS) between patients who underwent CC reconstruction without augmentation of the ACJ and
those who were combined (P > .05).
Conclusion: HO in the CC space is a common finding following AC joint fixation injury. We suggest that
HO is not a complication and might possibly have positive effects on clinical outcomes.

© 2022 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Acromioclavicular (AC) joint injuries account for approximately
9% of shoulder girdle injuries.16 These injuries mostly occur after
direct trauma, caused by a fall or blow while the arm is in the
adduction position.16 These injuries are mostly seen in 20- to
30-year-old male patients who engage in high-contact
sports.4,5,8,16,21,26 According to Rockwood, these injuries may be
classified into 6 types.23 In the current approach, types I and II
injuries are treated conservatively, while types IV, V, and VI are
treated surgically. No consensus on the treatment of type III injuries
exists; nonoperative treatment is recommended as initial therapy,
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but acute reconstruction may also be considered on a case-by-case
basis.8,27

More than 150 different surgical techniques have been
described in previous studies for the treatment of AC joint injury.4

The common purpose of these surgical procedures is to reduce the
joint and reconstruct the injured ligaments.14,16 All of these surgical
procedures have consequences and complications. Coracoid and
clavicle fracture, hardware irritation, vessel and nerve injury,
infection, and redislocation are some of these complications. In
some studies, the complication rate is up to 44 %.24 Coracolavicular
(CC) ligament ossification, which was previously considered a
complication and later a phenomenon, has not been clearly defined
as to whether it is a complication or a sign of good prognosis.2,3

The objective of the present study was to evaluate the possible
effect of heterotopic ossification on clinical outcomes following
after surgical treatment of AC joint injury. Since ossification in the
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1 (a) Minimal bone formation around the CC space (mild grade). (b) More than 50% of ossification around the CC space without bridging (moderate grade). (c) Bone
formation around the CC ligament with bridging (severe grade). CC, coracoclavicular.
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CC space after AC joint reconstruction is seen as a complication, few
studies in the literature showing the effect of ossification in the CC
space on clinical outcomes can be found. Our hypothesis was that
CC space ossification was not a complication but a sign of good
prognosis. We also evaluated the effect of CC reconstruction with
and without augmentation of the AC joint on clinical outcomes.

Materials and methods

Fifty-nine consecutive patients with a diagnosis of acute AC joint
separation who underwent surgery between December 2013 and
February 2020 at 3 different institutions with 3 different senior
surgeons using the 2 different all-arthroscopic surgical techniques
(CC reconstruction with and without AC joint augmentation) were
included in the study. Institutional review board approval was
granted before study initiation from the relevant department
(identification no. E-45446446-010.99-17064).

All procedures were performed under general anesthesia with
patients positioned in beach-chair position. CC fixation was per-
formed arthroscopically in all patients using AC TightRope (Arthrex,
Naples, FL, USA) or Loop Double Endobutton (Smith & Nephew,
London, United Kingdom). In patients with AC ligament repair,
mini-incisions were made and #5 nonadsorbable braided Ethibond
sutures were passed through the tunnels opened from the clavicle
and acromion, and horizontal stabilization was established.

Patients who were acutely treated after injury with a minimum
of 2-year follow-up duration were included in the study. All pa-
tients were diagnosed with Rockwood and Green type III or V
injury. Indications for operative treatment included type III injury
in manual/overhead workers or athletes and type V injuries. Time
to surgical treatment in all patients was less than 3 weeks. Patients
who were younger than 16 years at the time of surgery, who
underwent revision surgery, who had preoperative clavicle frac-
tures, and who had less than 2-year follow-up were excluded from
the study.

In 48 patients, the cause of injury was direct trauma to the
shoulder. Eleven patients had undergone indirect trauma during a
car accident. Injury mechanisms were sports injury in 21 patients,
falling off a bike in 16 patients, falling down from stairs in 8
patients, and falling from standing position in 3 patients.

For the diagnosis of AC joint separation, true anteroposterior
and Zanca views of the affected shoulder and bilateral
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anteroposterior views were used. The CC distance was measured
between the coracoid process and the inferior cortex of the clavicle
on the anteroposterior stress views.

Final clinical and radiological evaluations were performed by a
single examiner. Clinical outcomes measures included the Amer-
ican Shoulder and Elbow Surgeons (ASES) Shoulder Score, Constant
score (CS), Subjective Shoulder Value (SSV), and pain score based
on the visual analog scale (VAS).

Postoperative radiological assessments were performed using
standard shoulder anteroposterior radiographs. Radiological eval-
uations included ossification of the CC space, measurement of
coracoclavicular distance, presence of AC joint arthrosis, recurrent
dislocation, and osteolysis.

Ossification between the clavicle and the coracoid was
divided into the following four grades: (1) none, (2) mild, (3)
moderate, and (4) severe. Bone formation around the CC liga-
ment without bridging was graded as mild, and that with
bridging was graded as severe (Fig. 1). Two study groups were
formed according to radiological findings of ossification (with
and without ossification), and these two groups were compared
in terms of clinical outcomes. Another comparison of clinical
outcomes was performed between two groups of different sur-
gical techniques (isolated CC fixation vs. combined CC and AC
fixation).

Statistical analyses were performed using the Number Cruncher
Statistical System Statistical Software (Kaysville, UT, USA).
Descriptive statistical methods included mean, median, and range
(minimum and maximum). Comparison of study groups was per-
formed using the Shapiro-Wilk and Mann-Whitney U tests for
parametric and nonparametric variables, respectively. The level of
significance was set at P ¼ .05 for all analyses.

Postoperative management

Immobilization with a simple hanging sling (shoulder immo-
bilizer; DJO, Carlsbad, CA, USA) was carried out for 4 weeks.
Immediate elbow, wrist, and hand motions were initiated post-
operatively. At the fourth week, shoulder pendulum exercises were
initiated and performed for 2 weeks. Patients started an active
range of motion exercises in the seventh postoperative week.
Muscle strengthening exercises were initiated at the 12th week
postoperatively.



Table I
Pain and functional outcomes at final follow-up visit.

Mean þ SD Median (Min-Max)

ASES 82.73 ± 15.64 90 (51.6-100)
CS 85.0 ± 16.0 90 (50-100)
SSV 80.0 ± 21.0 90 (40-100)
VAS 1.9 ± 1.8 1.5 (0-5)

CS, Constant score; Max, maximum; Min, minimum; SD, standard deviation; SSV,
Subjective Shoulder Value; VAS, visual analog scale.
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Results

Of 59 patients, 51 (40 men, 11 women) were available for the
long-term follow-up (median follow-up duration, 3 years; range,
1-8 years) and were reevaluated both clinically and with plain
radiographs. Five patients could not be contacted, and 3 patients
refused to participate in the follow-up. The lost to follow-up ratio
was 13.5% (8 of 59).

The mean age of the patients was 36 years (range, 17-68 days).
The mean time to surgery after trauma was 6.4 days (range, 2-20
days). The dominant side was affected in 34 patients and
nondominant shoulder in 17 patients. Forty-two patients suffered
from type V and 9 from type III injuries according to the Rockwood
classification.

The mean ASES score result at the final follow-up was 82.7
(range, 51.6-100), mean CS result was 85.0 (range, 50-100), mean
SSV result was 80.0 (range, 40-100), and mean VAS result was 1.9
(range, 0-5) as shown in Table I.

Ossification in the CC space was observed in 15 of 42 patients
(35.7%) with type V AC joint dislocation and in 4 of 9 patients
(44.4%) with type III AC joint dislocation. Overall, 19 (37.3%)
patients showed ossifications between the clavicle and coracoid.
There were 4 mild, 13 moderate, and 2 severe ossifications ac-
cording to the radiological assessment. Outcomes of patients who
developed ossification in the CC range were compared with out-
comes of those who did not (Table II).

Of the 19 patients who developed heterotopic ossification, 16
were male and 3 were female patients. Injury mechanisms of
patients with heterotopic ossification were car accident in 3
patients, sports injury in 10 patients, falling off a bike in 2 patients,
and falling down from stairs in 4 patients.

No statistically significant differences in terms of ASES, CS, SSV,
and pain scores between patients with and without ossification
were observed (P > .5). Even though statistically insignificant,
higher ASES scores, CS, and SSV scores and lower pain scores were
remarkable in patients with ossification (Figs. 2e4, respectively).

The mean preoperative CC distance was 17.8 ± 4.1 mm. Post-
operatively, the mean CC distance was 6.7 ± 2.0 mm on the first
postoperative day and 8.8 ± 2.5 mm at the final follow-up evalua-
tion (Table III).

CC distance measurements were compared between patients
with and without ossification. The mean CC distance of patients
with ossification was shorter than in those who did not. However,
there was no statistically significant difference between the 2 study
groups (P > .05) as shown in Table IV.

While 27 patients (52.9%) underwent isolated CC fixation,
combined AC þ CC fixation was performed in 24 patients (47.1%).
Clinical outcomes were compared between patients with isolated
CC ligament repair and combined AC þ CC ligament repair. No
statistically significant difference in clinical outcomes (ASES, CS,
SSV, VAS) between these two groups was found (P > .05) as shown
in Table V.

While heterotopic ossification was observed in 11 of 27 patients
(40.7%) who underwent isolated CC fixation, there were
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heterotopic ossification in 8 of 24 patients (33.3%) who underwent
combined AC and CC stabilization.

Additionally, arthrosis of the AC joint was observed in 5 patients,
and distal clavicular osteolysis was observed in 2 patients. One
patient developed frozen shoulder and was treated with arthro-
scopic release. Superficial wound infection was observed in 1
patient whowas successfully treatedwith oral antibiotic therapy. In
2 patients, intraoperative coracoid fracture occurred. The first
patient responded well to conservative management, and union
was achieved. However, conservative management failed for the
second patient, and excision of the coracoid with tenodesis of the
conjoint tendon to the subscapularis was performed.

Discussion

The most important finding of this study indicates that clinical
outcomes of patients with ossification in the CC space were better
than outcomes of those without ossification although the results
were not statistically significant. The results support the hypothesis
that heterotopic ossification in the CC space after surgical treat-
ment of AC joint injury might be a sign of good prognosis.

Although many surgical techniques have been described in AC
joint dislocation, the essential is adequate reduction of the AC joint
and reconstruction of the injured ligaments. Arthroscopic isolated
CC fixation and combined CC fixationwith AC augmentation are the
most frequently performed surgical procedures in recent years.19 In
our study population, both techniques were used for treatment of
patients.

Previous studies reporting that CC fixation should be performed
together with AC augmentation as it provides stability in the hor-
izontal plane have been published.1,13,17 Jordan et al10 reported no
significant differences in functional outcomes, complication, and
revision rates between isolated CC fixation and with additional AC
fixation were detected. However, reports that favored addition of
an AC fixation due to superior clinical outcomes have also been
published.25 In our study, no statistically significant difference was
observed in terms of clinical outcomes (ASES, CS, SSV, VAS) be-
tween the two surgical techniques.

Heterotopic ossification is bone tissue formation occurring in an
undesirable location in the body. The specific pathophysiology of
heterotopic ossification still remains unclear. Its etiology is multi-
factorial, and the pathomechanism is thought to be caused by
postsurgical bone marrow leakage and subsequent inappropriate
differentiation of mesenchymal cells and fibroblasts into bone-
forming cells due to local factors, such as soft-tissue edema,
tissue hypoxia, and unknown systemic factors.7,9,11,20

Heterotopic ossification in the CC space is a common finding
after surgical treatment of AC joint injuries, regardless of the
treatment modality, and has been traditionally considered a
complication according to previous knowledge.6,9,22,28 However, it
is unknownwhether heterotopic ossification in the CC space is due
to injured ligaments or opened bone tunnels. Assessment of het-
erotopic ossification in techniques without bone tunneling may be
helpful for further understanding of this issue.

Motta et al18 reported that ossification in the CC space was
related to the postoperative immobilization time and that presence
of ossification in the CC space provided better AC joint stabilization
and had a positive effect on clinical outcomes. These findings were
previously noted by Larsen et al,12 who stated that ossification was
more common in patients with excellent results. Scheibel et al22

showed that the CC distance was significantly shorter in patients
who developed ossification in the CC space than in patients who
did not. They also found that SSV, CS, Taft score, and Acromiocla-
vicular Joint Instability scores improved as the amount of ossifica-
tion increased, but only the Acromioclavicular Joint Instability score



Table II
A comparison of clinical outcomes between patients with and without ossification.

Ossification P value

Negative Positive

Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max)

ASES 79.65 ± 15.82 80 (51.6-100) 87.93 ± 14.23 93.3 (54.9-100) .058
CS 81.56 ± 17.02 90 (50-100) 89.53 ± 14.06 95 (55-100) .150
SSV 76.41 ± 21.56 82.5 (40-100) 87.11 ± 17.27 95 (40-100) .099
VAS 2.23 ± 1.76 3 (0-5) 1.26 ± 1.76 0 (0-5) .071

ASES, American Shoulder and Elbow Surgeons; CS, Constant score;Max, maximum;Min, minimum; SD, standard deviation; SSV, Subjective Shoulder Value; VAS, visual analog
scale.

Figure 2 Range of the American Shoulder and Elbow Surgeons (ASES) Shoulder Score
according to ossification status.

Figure 3 Range of the Subjective Shoulder Value (SSV) score according to ossification
status.

Figure 4 Range of the visual analog scale (VAS) score according to ossification status.

Table III
Coracoclavicular distance (CCD) measurements.

CCD Mean þ SD Median (Min-Max)

Preoperative 17.8 ± 4.1 17.5 (8-29)
Postoperative day 6.7 ± 2.0 6.4 (1.6-11.8)
Last control 8.8 ± 2.5 8.8 (4.1-13.9)

CCD, coracoclavicular distance; Max, maximum; Min, minimum; SD, standard
deviation.
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improvement was statistically significant. Another study by
Masionis et al15 reported that patients with ossification had better
Simple Shoulder Test scores than those who did not.

Few studies in current literature showing the effect of CC space
ossification after treatment of AC joint injury on clinical outcomes
are available. Some authors have considered ossification in the CC
space as a phenomenon rather than a complication. They state that
clinical outcomes of patients who developed ossification in the CC
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space were better than those who did not. Although clinical out-
comes of patients with ossification in the CC space were better than
those of the patients without ossification in our study, the differ-
ence was insignificant. Another finding of our study demonstrated
that ossification also caused an improvement in radiological out-
comes and that postoperative CC distance was shorter in patients
with ossification. However, this difference was also not statistically
significant. In addition to this finding, other findings from our study
suggest that AC augmentation with CC fixation did not lead to a
significant improvement in clinical outcomes. Findings of our study
support the idea that heterotopic ossification is not a complication,
does not require additional intervention, does not cause patient
dissatisfaction, and only appears as a finding that the surgeon
evaluates on the radiograph during the patient’s routine
examination.

There are some limitations to our study which should be dis-
cussed. The retrospective nature of our study is the first limitation
that decreases the level of evidence. Second, procedures were
performed in 3 different centers by 3 different surgeons, whichmay
have influenced outcomes due to difference of technique and
expertise among the surgeons. Third, all clinical and radiological
assessments were performed by a single author which might have
caused an evaluation bias. Another limitation is the relatively short



Table IV
Comparison of CC distance measurements between patients with and without ossification.

CCD Ossification P value

Negative Positive

Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max)

Final control 9.28 ± 2.49 9.05(48-13.9) 8.05 ± 2.31 7.5(4.1-12.5) .126

CC, coracoclavicular; CCD, coracoclavicular distance; Max, maximum; Min, minimum; SD, standard deviation.

Table V
Comparison of clinical outcomes between surgical techniques.

Surgical technique: CC reconstruction with and without AC joint augmentation P value

CC CC þ AC

Mean ± SD Median (Min-Max) Mean ± SD Median (Min-Max)

ASES 81.00 ± 15.35 80 (52-100) 84.67 ± 16.05 93.3 (51.6-100.0) .409
CS 81.33 ± 17.67 90 (50-100) 88.12 ± 14.12 94.0 (58.0-100.0) .163
SSV 76.29 ± 21.19 90 (40-100) 85.00 ± 19.22 95.0 (40.0-100.0) .096
VAS 1.92 ± 1.59 2 (0-4) 1.78 ± 2.06 1.0 (0.0-5.0) .710

ASES, American Shoulder and Elbow Surgeons; CS, Constant score;Max, maximum;Min, minimum; SD, standard deviation; SSV, Subjective Shoulder Value; VAS, visual analog
scale.
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follow-up duration. This study has a considerable population size
compared to previous literature. Therefore, we believe that our
findings make a valuable contribution to current knowledge.
Nonetheless, it is quite likely that our population size is insufficient
to show some significant clinical benefit of heterotopic in cor-
acoclavicular space and might be a possible reason for insignificant
differences. Consequently, a larger population is needed to draw
such a conclusion.

Conclusion

Heterotopic ossification after surgical treatment of AC joint in-
juries is a common finding. Our findings suggest that this ossification
is not a complication. Results of our studies showed that ossification
might improve clinical and radiological outcomes; however, further
research studies are needed to draw such a conclusion.
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