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SUMMARY

Background. The aim was to improve the diagnosis of acromioclavicular joint dislocation by studying the
capabilities and characteristics of clinical and instrumental diagnostic methods. The idea is expressed that modern
clinical and instrumental diagnostic methods comprise a large number of techniques, but no single algorithm
for diagnosing injury to the AC joint has been developed. A gold standard for investigating and diagnosing
acute AC joint dislocation does not currently exist.

Materials and Methods. A retrospective study of the characteristics and capabilities of clinical and instru-
mental diagnostic methods was performed in 152 patients with traumatic shoulder pathology. The patients were
divided into two groups: Group I of 102 patients (67%) with acromioclavicular joint dislocation type III-VI
according to Rockwood classification and Group II of 50 patients (33%) with a partial tear of the rotator cuff.
Clinical and instrumental examinations involved specific provocative tests; the radiological diagnostics com-
prised conventional radiographs with the Zanca, axillary and Alexander views, and CT, MRI, and ultrasound
examinations.

Results. The characterization of examination methods was based on the records of patients in Group I and
II. The most sensitive clinical test to establish Rockwood type V of acromioclavicular joint dislocation was the
Paxinos test (91%). The lowest sensitivity across the tests used was observed with the active compression test
to diagnose type IV of dislocation (50%). As regards the X-ray examination, the axial view was 100% sensitive
for detecting type IV and VI AC joint dislocation. The Zanca view is highly sensitive for patients with
Rockwood type V and Alexander view for Rockwood type III and V dislocations. The accuracy of ultrasound
work-up in Group I was 95%, with 96% sensitivity and 93% specificity, while MRI accuracy was 97%, with
96% sensitivity and 98% specificity, and CT accuracy was 81%, with 83% sensitivity and 75% specificity.

Conclusions. 1. Determination of the sensitivity and specificity of the X-ray examination revealed the absence
of a 100% effective X-ray view for type III and V AC joint dislocation. 2. The accuracy and sensitivity of the
ultrasound, MRI, and CT examinations are high. 3. There is currently no consensus on a protocol to view acute
AC joint injuries. 4. Complete and timely early diagnosis of acromioclavicular dislocation allows for a diffe-
rentiated approach to surgical treatment tactics, preventing possible complications and restoring the function of
the injured shoulder joint to the fullest extent.
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BACKGROUND

The acromioclavicular (AC) joint is one of the
most commonly injured joints of the upper extremity,
taking third place after shoulder and elbow joint dis-
location [1]. The estimated incidence of injuries of
the AC joint in the general population is 3—4 per
100,000 population per year [2]. The male-female
ratio is as high as 8:1; many injuries are associated
with the promotion of a healthy lifestyle among the
population between the ages of 20 and 40 years [3].
The AC joint is a key component of the shoulder gir-
dle, which provides a connection between the upper
extremity and the axial skeleton [4]. AC joint dislo-
cation causes injury to the capsular ligaments (supe-
rior, inferior, anterior, and posterior), coracoclavicu-
lar ligaments (conoid and trapezium), insertions of
the deltoid and trapezius muscle to the acromial end
of the clavicle and capsular ligament of the sterno-
clavicular joint [5]. AC joint dislocation of Rock-
wood type II-1I1, chronic dislocations and horizontal
instability after conservative treatment and operative
treatment limited to the reconstruction of the coraco-
clavicular ligaments are very difficult to diagnose
and treat [6]. Injuries to the AC joint still represent
a diagnostic challenge for most shoulder surgeons.

Clinical and instrumental diagnostic methods ap-
pear quite simple and well-established. However, for
various reasons, orthopedic surgeons often have to
treat patients with complications such as AC arthritis,
acromion osteolysis or ossification of the coraco-
clavicular ligament complex, which are quite often
irreversible and lead to dysfunction of the shoulder
joint complex [7,8].

Modern radiological diagnostics, using a vast array
of methods such as conventional radiographs, ultra-
sound, CT, MRI, etc., are an essential tool for con-
firming a diagnosis. Radiography is the “gold stan-
dard” and is primarily useful for diagnosing the se-
quelae of injury and degenerative joint disease. X-ray
criteria of AC joint dislocation have been sufficiently
studied. Still, the clinical evaluation and possibilities
of additional non-invasive instrumental diagnostics,
such as CT, MRI and ultrasound, in the diagnosis of
compound cases need to be investigated [9]. The aim
of this article is to show that, although a gold stan-
dard to investigate and diagnose acute AC joint dis-
location does not currently exist, there are best prac-
tices in diagnosis and, in turn, complete and early
diagnosis of acromioclavicular dislocation allows for
a differentiated approach to surgical treatment tactics,
preventing complications that could occur, and fully
restoring the function of the injured shoulder joint.

MATERIALS AND METHODS

A retrospective study was performed of 152 pa-
tients with traumatic shoulder pathology who were
diagnosed and treated at the Department of Micro-
surgery and Reconstructive-Recovery Surgery of Up-
per Limb at the SI Institute of Traumatology and
Orthopedics by NAMS of Ukraine between January
2010 and July 2020. The local Ethics Committee ap-
proved the study's design and written informed con-
sent was obtained from all participants before enrol-
ment. The patients were divided into two groups:
Group I of 102 patients (67%) with acromioclavicu-
lar joint dislocation, mean age 34 years (range 20 to
68 years), mostly men — 100 (98%), and Group II of
50 patients (33%) with a partial tear of the rotator
cuff, mean age 44 years (range 16 to 76 years), most-
ly men — 36 (72%). The diagnosis was verified intra-
operatively in all patients. AC joint dislocation was
classified according to the Rockwood classification,
which is based on the injury's anatomical and radio-
logical aspects and includes six types of injury [10].
Patients were examined using clinical and instrumen-
tal diagnostic methods, including specific provoca-
tive tests, i.e., the piano-key test, Paxinos test, cross-
body adduction test and active compression test [9].
Radiographs were obtained in the Zanca view [11]
(anteroposterior view with 10—15° cephalic beam in-
clination), axillary view and Alexander view [12].
Ultrasound examination was performed using Phi-
lipsXD 11 and SiemensAT 3500 stationary systems,
with a 7.5-11 MHz linear high-frequency probe in
a “superficial musculocutaneous” mode according to
a standard protocol. The contralateral AC joint was
used as a control during the ultrasound examination.
MRI examination of the shoulder and AC joint was
performed on > 1,5 T MRI scanner in sagittal, coro-
nal, and axial T1, T2, PD and PD (Fat-Sat) views and
sequences. CT examination of the shoulder and AC
joint was conducted on a 16-slice MDCT scanner
using multiplane (multiplanar) reconstruction (MPR)
and 3D-reconstruction.

Statistical analysis was performed using STATIS-
TICA 12.0 (StatSoft Inc. USA) and Microsoft Excel.
A p-value < 0.05 was considered statistically signifi-
cant [13]. Firstly, we determined true-positive, true-
negative, false-positive, and false-negative items and
then calculated all indices. Study data were evaluated
using standard descriptive statistical markers for the
evaluation of diagnostic tests: accuracy (overall pro-
bability that a patient is correctly classified), sensi-
tivity (probability that a test result will be positive
when the injury is present [true positive rate]), speci-
ficity (probability that a test result will be negative
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when the injury is not present [true negative rate]),
where these markers are of diagnostic value if they
are > 75%, as well as Positive Likelihood Ratio
(PLR, ratio between the probability of a positive test
result given the presence of injury and the probabili-
ty of a positive test result given the absence of in-
jury), Negative Likelihood Ratio (NLR, ratio be-
tween the probability of a negative test result given
the presence of injury and the probability of a nega-
tive test result given the absence of injury), Positive
Predictive Value (PPV, probability that injury is pres-
ent when the test is positive), and Negative Predic-
tive Value (NPV, probability that injury is not present
when the test is negative) with their 95% confidence
intervals (95% CI). We categorized the diagnostic ac-
curacy indices (PPV and NPV) as good (>0.8), ac-
ceptable (0.6-0.8), and weak (lower than 0.6). Cate-
gorization of the likelihood ratios was as follows:
values of PLR greater than 10/NLR less than 0.1
were interpreted as a large and often conclusive in-
crease/decrease in the probability of injury; values of
PLR between 5 and 10/NLR between 0.2 and 0.1
were interpreted as a moderate increase/decrease in
the probability of injury; values of PLR from 2 to
S/NLR from 0.5 to 0.2 were assumed to indicate
small (but sometimes important) shifts in the proba-
bility of injury; and likelihood ratios between 0.5 and
2 were assumed to represent small and rarely impor-
tant changes in probability [14,15].

RESULTS

Modern clinical and instrumental diagnostic me-
thods comprise a large number of techniques, but no

single algorithm for diagnosing injury to the AC joint
has been described.

Classification

Before the patients were transferred to our center,
the types of AC joint injury were categorized as fol-
lows: 17 patients (16.6%) with AC joint dislocation
according to Tossy classification, 32 patients (31.4%)
by Rockwood classification, and the type of injury was
not established in 53 patients (51.9%). Following a set
of clinical and instrumental examinations at our center,
patients were distributed according to Rockwood’s clas-
sification: type III injuries were diagnosed in 29 pa-
tients (28.4%), type IV in 4 patients (3.9%), type V in
68 patients (66.6%), and type VI in 1 patient (0.9%).

Physical examination

Parameters of clinical tests were determined in pa-
tients of Groups I and II (151 patients, 99.3%). A fea-
ture of this study was to determine the characteristics
of specific provocative tests most commonly employ-
ed to identify injury to the AC joint according to the
type of dislocation (Table 1).

Clinical examination is particularly useful for lo-
calizing a patient’s pain to a specific joint and the
musculoskeletal structure involved. A 100% accura-
te, sensitive, and specific clinical test for the diagno-
sis of AC joint dislocation was not found in our stu-
dy. Thus, instrumental diagnostics are mandatory.

X-ray examination
X-ray examinations of the patients from the first
group involved the Zanca view (102 patients, 100%),

Tab. 1. Characteristics of specific provocative tests for AC joint dislocation by type of injury

Clinical tests

Type of AC dislocation by Rockwood

Cross-body adduction AC joint active

classification Piano key test Paxinos test .
test compression test

Accuracy 77% 77% 75% 62%
Sensitivity 59% 62% 65% 52%

i Specificity 88% 86% 80% 68%
PLR 95% CI 4.89 (2.17-10.99) 4.43 (2.11-9.33) 3.28 (1.77-6.05) 1.62 (0.95—2.76)
NLR 95% CI 0.47 (0.3-0.73) 0.44 (0.27-0.71) 0.43 (0.26-0.73) 0.71(0.47-1.08)
PPV 95% CI 0.74 (0.55-0.86) 0.72 (0.55-0.84) 0.65 (0.5-0.77) 0.48 (0.35-0.61)
NPV 95% CI 0.79 (0.7-0.85) 0.8 (0.7-0.86) 0.8 (0.7-0.87) 0.71 (0.61-0.78)
Accuracy 87% 85% 79% 67%
Sensitivity 75% 75% 75% 50%

v Specificity 88% 86% 80% 68%
PLR 95% CI 6.25(2.44-16.0) 5.36 (2.2-13.5) 3.75 (1.7-8.28) 1.56 (0.54-4.51)
NLR 95% CI 0.28 (0.05-1.56) 0.29 (0.05-1.59) 0.31 (0.06-1.72) 0.74 (0.27-2.0)
PPV 95% CI 0.33 (0.16-0.56) 0.3 (0.14-0.51) 0.23 (0.12-0.4) 0.11 (0.04-0.26)
NPV 95% CI 0.98 (0.88-0.99) 0.98 (0.88-0.99) 0.97 (0.88-0.99) 0.94 (0.86-0.98)
Accuracy 88% 89% 83% 68%
Sensitivity 88% 91% 85% 69%

\% Specificity 88% 86% 80% 68%
PLR 95% CI 7.35 (3.45-15.65) 6.51 (3.26-13.0) 4.26(2.43-7.49) 2.16 (1.4-3.33)
NLR 95% CI 0.13 (0.07-0.26) 0.10 (0.05-0.22) 0.18 (0.1-0.33) 0.45 (0.3-0.68)
PPV 95% CI 0.91 (0.82-0.96) 0.9 (0.82-0.95) 0.85(0.76-0.91) 0.77 (0.65-0.82)
NPV 95% CI 0.85(0.74-0.91) 0.88 (0.77-0.94) 0.8 (0.68-0.87) 0.62 (0.52-0.7)
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Tab. 2. Characteristics of X-ray examination of patients with AC joint dislocation by type of injury

Type of AC dislocation by X-ray view
Rockwood classification Zanca view Axillary view Alexander view

Accuracy 82% 52% 91%
Sensitivity 62% 8% 95%
Specificity 94% 100% 85%
PLR 95% CI 10.34 (3.33-32.13) - 6.16 (1.71-22.13)

s NLR 95% CI 0.40 (0.25-0.65) 0.92 (0.77-1.09) 0.06 (0.01-0.43)
PPV 95% CI 0.85 (0.65-0.94) 1.0 0.9 (0.71-0.97)
NPV 95% CI 0.81 (0.72-0.89) 0.52 (0.3-0.73) 0.91 (0.62-0.99)
Accuracy 89% 100% 71%
Sensitivity 25% 100% 25%
Specificity 94% 100% 85%

v PLR 95% CI 4.17 (0,55-31,44) - 1.62 (0,19-13,58)
NLR 95% CI 0.80 (0,45-1,41) 0.00 0.89 (0,48-1,63)
PPV 95% CI 0.25 (0,04-0,71) 1.0 0.33 (0,05-0,8)
NPV 95% CI 0.94 (0,9-0,97) 1.0 0.79 (0,66-0,87)
Accuracy 92% 45% 89%
Sensitivity 91% 11% 92%
Specificity 94% 100% 85%

Vv PLR 95% CI 15.20 (5,06-45,63) - 5.96 (1,66-21,44)
NLR 95% CI 0.09 (0,04-0,2) 0.89 (0,75-1,05) 0.1 (0,03-0,38)
PPV 95% CI 0.95 (0,87-0,98) 1.0 0.92 (0,75-0,97)
NPV 95% CI 0.88 (0.78-0.94) 0.4 (0.36-0.44) 0.85 (0.59-0.95)
Accuracy 94% - -
Sensitivity 100% - -
Specificity 94% - -

VI PLR 95% CI 16.67 (5.56-49.9) - -
NLR 95% CI 0.00 - -
PPV 95% CI 0.25 (0.1-0.49) - -
NPV 95% CI 1.0 - -

axillary view (34 patients, 33%) and Alexander view
(47 patients, 46%). In most cases (82%), previous ma-
nagement had included only one x-ray view (Tab. 2).
Analysis of the sensitivity and specificity of con-
ventional radiographs of patients with AC joint dis-
location found that radiography of the shoulder joint
in the axillary view offers 100% sensitivity for de-
tecting Rockwood type IV and VI (Fig. 1) disloca-
tion. These dislocations result from high-energy trau-
ma and are easily diagnosed by performing a specific
X-ray view. The Zanca view is also highly sensitive

for Rockwood type V and the Alexander view for
Rockwood type III and V dislocations [16,17].

Ultrasound examination

Ultrasound examination was performed in 54 pa-
tients (52.9%) of Group I and 42 patients (84%) of
Group II. The method's accuracy in the group of AC
joint dislocation was 95%, with a sensitivity of 96%
and a specificity of 93%. PLR 95% CI was 13.48
(4.53-40.17); this highly positive result indicates a large
and often convincing increase in the probability of

Fig. 1 A —Zanca view x-ray of the AC joint: Rockwood type VI dislocation, B — axillary view x-ray of AC joint: Rockwood type IV
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Fig. 2. Ultrasonographic examination of the AC joint: A — distance between the upper border of acromion and clavicle, vertical
displacement of the acromial end of the clavicle in the frontal view, B — distance between the anterior border of acromion and clavicle,
horizontal instability in axial view, C — distance between the upper border of the coracoid and lower border of clavicle, vertical

instability

detecting patients with AC joint dislocation. NLR
95% CI was 0.04 (0.01-0.16) — a negative result of an
ultrasound examination indicates a high probability
of absence of AC joint dislocation. PPV 95% CI was
0.94 (0.85-0.98), indicating a very high correlation
between a positive result and the presence of disloca-
tion. NPV 95% CI = 0.95 (0.85-0.98) shows a very
high correlation of a negative result of this method
and the absence of AC joint dislocation.

In our study (Fig. 2), vertical instability of the AC
joint was determined in the frontal view: the mean
distance between the upper border of the acromion
process and the upper border of the acromial end of
the clavicle was 14.4 + 5.3 mm on the side of injury
and 3.1 + 1.1 mm on the contralateral side (p < 0.05).
Additionally, a provocative test was performed where
the distance between the upper border of the acromial
process and the upper border of the acromial end of
the clavicle on the side of the injury was measured
during the piano-key test. On the injured side, the
mean distance was 4.06 = 1.4 mm, while on the con-
tralateral side it was 3.4 + 0.9 mm. (p = 0.001).

Horizontal instability of the AC joint was deter-
mined in the axial view: the mean distance from the
anterior border of the acromial process to the anterior
border of the acromial end of the clavicle was 3.5 +
1.1 mm on the side of injury and 2.8 £ 0.7 mm in the
contralateral joint (p < 0.05). Additionally, a provo-
cative test was performed where the distance from
the anterior border of the acromial process to the
anterior border of the acromial end of the clavicle on
the side of injury was measured during the Paxinos
test. On the injured side, the mean distance was 8.1 £+
1.7 mm, and on the contralateral side it was 3.6 &+ 0.5
mm (p < 0.05). Avulsion of the deltoid muscle inser-
tion to the acromial end of the clavicle was diag-
nosed in 42 patients (77%) (8.6 + 2.3 mm wide), and

trapezius muscle avulsion was diagnosed in 31 (57%)
(5.3 £ 1.4 mm wide).

The coracoclavicular distance was determined in
the sagittal view. The mean distance between the most
superior border of the coracoid process and the clavi-
cle's inferior border was 23.6 + 4.1 mm on the in-
jured side and 11.5 = 1.7 mm on the contralateral side
(p < 0.05).

Additionally, the sternoclavicular joint was examin-
ed. The mean distance between the upper border of
the clavicle and the upper border of the sternum was
6.1 = 3.5 mm from the injured side and 3.1 + 1.2 mm
from the contralateral side (p < 0.05). Such changes
are caused by injury to the ligaments of the stern-
oclavicular joint (anterior sternoclavicular ligament
and costoclavicular ligament) due to elevation and
rotation of the clavicle [18].

MRI

MRI scans were obtained for 26 patients (26%) in
Group I and 50 patients (100%) in Group II. The ac-
curacy of the method in the group of AC joint dislo-
cation was 97%, with a sensitivity of 96% and a spe-
cificity of 98%. PLR 95% CI was 48.08 (6.90-335.17);
this highly positive result indicates a large and often
convincing increase in the probability of detecting
patients with dislocation of the acromial end of the
clavicle. NLR 95% CI was 0.04 (0.01-0.27) — a nega-
tive result for MRI indicates a high probability of
absence of AC joint dislocation. PPV 95% CI = 0.96
(0.78-0.99) indicates a very high correlation of a pos-
itive test result and the presence of dislocation. NPV
95% CI = 0.98 (0.88-1.0) indicates a very high cor-
relation a negative result and the absence of AC joint
dislocation.

In the coronal view (Fig. 3), we examined the
acromioclavicular distance in the frontal plane.
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Fig. 3 A — vertical displacement of the AC joint, the distance between the upper and lower border of acromion and clavicle in the
coronal plane, B — the distance between the upper border of the coracoid and lower border of clavicle, injury to coracoclavicular
ligaments in the coronal plane, C — distance between the upper border of the coracoid and lower border of clavicle, injury to cora-
coclavicular ligaments in the sagittal plane, D — distance between the anterior and posterior border of acromion and clavicle in
axial view, injury to the anterior and posterior AC joint ligament, hemarthrosis

The mean distance between the upper border of
the acromion and the upper border of the acromial
end of the clavicle was 12.6 £ 4.5 mm, and the mean
distance between the lower border of the acromion
and the lower border of the acromial end of the clavi-
cle was 9.5 + 4.1 mm. The mean coracoclavicular dis-
tance was 14.9 = 5.6 mm. Injury to the lower and
upper acromioclavicular ligament was identified in
24 patients (92%), intra-articular disc injury in 14 pa-
tients (53%), and injury to the conoid ligament in 25
patients (96%) and trapezoid ligament in 21 patients
(81%).

In the axial view, we determined the mean dis-
tance from the anterior border of the acromial
process to the anterior border of the acromial end of
the clavicle on the side of injury: it was 10.1 + 3.5
mm. The mean distance between the posterior border
of the acromion process and the posterior border of
the acromial end of the clavicle was 6.5 £ 3.1 mm.
Injury to the anterior acromioclavicular ligament was
noted in 24 patients (92%), posterior acromioclavic-
ular ligament was injured in 20 patients (77%), and
the intra-articular disc in 16 patients (62%), detach-
ment of the deltoid muscle was seen in 17 patients
(65%) and trapezius muscle in 19 patients (73%)
from the acromial end of the clavicle.

In the sagittal view, we determined the mean co-
racoclavicular distance to be 13.9 + 3.2 mm, and found
injury to the conoid ligament in 25 patients (96%)
and to the trapezoid ligament in 21 patients (81%).

MRI examination of 26 patients (100%) revealed
associated injuries of the shoulder joint in the form of
a SLAP lesion (18 patients, 69%), biceps tendinitis
(22 patients, 85%), partial rotator cuff tear (7 patients,

27%), biceps pulley lesion (7.7%), distal clavicular
osteolysis (4 patients, 15%). They were confirmed
intraoperatively and required an additional repair pro-
cedure. After MRI examinations of the shoulder and AC
joint, the type of dislocation according to the Rockwood
classification was changed in 8 patients (5.2%).

Computed tomography

CT examination was performed in 12 patients (12%)
of Group I and 4 patients (8%) of Group II. The me-
thod's accuracy in determining the AC joint disloca-
tion was 81%, sensitivity was 83%, and specificity
was 75%. PLR 95% CI = 3.3 (0.6-18.54) is a highly
positive result that indicates a large and often con-
vincing increase in the probability of detecting pa-
tients with AC joint dislocation. NLR 95% CI was
0,22 (0.06-0.89) — a negative result for CT testifies to
the high probability of absence of AC joint disloca-
tion, PPV 95% CI = 0,9 (0,64-0,98) indicates a very
high correlation of a positive test result and the pres-
ence of dislocation. NPV 95% CI = 0.6 (0.27-0.85)
indicates a very high correlation of a negative result
and the absence of AC joint dislocation.

In the coronal view, we examined the acromio-
clavicular distance in the frontal plane: the mean dis-
tance between the upper border of the acromion and
the upper border of the acromial end of the clavicle
was 12.9 + 2.8 mm, compared to 4.9 + 1.5 mm on the
contralateral side (p < 0.05), the mean distance be-
tween the lower border of the acromion and the lower
border of the acromial end of the clavicle was 9.5 £
3.3 mm, compared to 2.6 + 0.9 mm on the contralat-
eral side (p < 0.05). The mean coracoclavicular dis-
tance was 13.5 £ 3.5 mm, compared to 5.9 = 1.6 mm
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Fig. 4. CT of the shoulder joint (A - Rockwood type IV AC joint dislocation in the axial plane, B — AC joint dislocation is not

detected in the coronal plane)

Fig. 5. CT of the shoulder joint (A — dislocation of the acromial end of the clavicle in the vertical plane, B — Os acromiale condyle

of the scapula)

on the contralateral side (p < 0.05). In the axial view,
we determined the mean distance between the anteri-
or border of the acromial process and the anterior
border of the acromial end of the clavicle on the side
of injury, which was 13.3 £ 2.3 mm. On the contra-
lateral side, it was 2.6 + 0.9 mm (p < 0.05). The mean
distance between the posterior border of the acro-
mion process and the posterior border of the acro-
mial end of the clavicle was 9.6 &+ 3.0 mm, compared
to 5.2 £ 2.4 mm on the contralateral side (p < 0.05).
The mean value of AC joint angles on the injury side
was 24.30+ 6.60 and on the contralateral side it was
18.90+ 3.70 (p = 0.023).

Type IV of AC joint dislocation by Rockwood
was diagnosed in 1 patient (1%). It was not identified
on standard anteroposterior plain radiographs of the
AC joint (Fig. 4).

The following associated injuries of the shoulder
joint were found during CT examination: os acromi-
ale was diagnosed in 2 patients (2%) (Fig. 5); 1 pa-
tient (1%) post conservative treatment was diag-
nosed with ossification of the coracoclavicular and
coracoacromial ligament of the AC joint, which in-
fluenced the tactic of surgical treatment (Fig. 6). In
5 patients, the diagnosis and the type of AC joint dis-
location coincided.
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Fig. 6. Ossification of coracoclavicular and coracoacromial ligaments (A — frontal view, B — posterior view)

DISCUSSION

The study summarizes the methodology of clini-
cal and instrumental methods available for the preop-
erative work-up of patients with acromioclavicular
joint dislocation who underwent operative treatment
in our department over the past 10 years. It is shown
that high-quality preoperative examination of patients
is the key to successful surgical treatment, postopera-
tive rehabilitation, and recovery.

The physical examination of acute AC joint dislo-
cation is well studied and described in many guide-
lines, textbooks, and scientific articles [19-26]. Chro-
nopoulos et al. reported a sensitivity of 77% for the
cross-body adduction test, 72% for the AC resistance
test, and 41% for the active compression test; the
combination of all 3 tests showed a specificity of
95% [27]. The combination of the Paxinos sign and
Hawkins—Kennedy test has a sensitivity of 93% if
both special tests are negative; the combination of
O'Brien's Test and AC joint tenderness demonstrated
the greatest specificity (96.7%), although it was the
combination of Paxinos sign and O'Brien's test that
had the highest calculated positive likelihood ratio of
2.71 [28]. According to our study results, no clinical
test had 100% accuracy, sensitivity and specificity
for detecting AC joint injuries. In patients with Rock-
wood type III AC joint dislocation, the highest accu-
racy of 77% was revealed for the piano-key test and
Paxinos test, while the cross-body adduction test had
65% sensitivity, and the piano-key test had 88% spe-
cificity. In patients with Rockwood type IV AC joint
dislocation the piano-key test also had 87% accuracy,
and this test, the Paxinos test and the cross-body

adduction test had 75% sensitivity; the piano-key test
also had 88% specificity. In patients with Rockwood
type V AC joint dislocation, the Paxinos test had 89%
accuracy and 91% sensitivity and the piano-key test
had 88% specificity. An explanation for these find-
ings may be that at the time of injury, it is not always
possible to conduct clinical testing of patients due to
low pain intensity or in patients with increased sub-
cutaneous fat [29]. If patients do not report immediate-
ly after the injury and soft tissue edema increases, the
identification of shoulder joint anatomical landmarks
becomes difficult. Also, the lack of a specific test for
AC joint dislocation is due to the presence of simul-
taneous concomitant injuries in the shoulder joint.
Developed by Rockwood et al. in 1984, his six-type
classification system is the most common and popu-
lar classification used for acromioclavicular joint
dislocations. Since then, numerous modifications of
the classification system have been suggested by var-
ious authors. In 2014, the Upper Extremity Com-
mittee of ISAKOS subdivided Rockwood’s type III
of AC joint dislocation into two types after x-ray
examinations in specific view (cross-body stress view),
namely, type III A of stable injures that should be
evaluated for conservative treatment and type III B
of unstable injures that should be evaluated for oper-
ative treatment, but it is unclear to what extent this
subdivision predicts treatment outcomes [30, 31]. De
Rooij et al. showed in his survey significant individ-
ual variation with regard to diagnosis of AC joint dis-
location, with 65 (61%) respondents using the Rock-
wood classification, and 41 (39%) using the Tossy
classification [32]. In our study, 17 patients (16.6%)
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were classified according to the Tossy classification,
32 patients (31.4%) were classified according to the
Rockwood classification, and, in 53 patients, the type
of injury was not established (51.9%) during earlier
management.

Plain radiographs are a standard examination for
patients with AC joint injury, as based on the original
descriptions by Tossy et al., Allman and Rockwood
et al.

A national survey in the Netherlands shows that
the diagnosis of AC joint dislocation is mainly based
on a combination of physical examination and radi-
ographs; 89% of respondents used anteroposterior and
axial radiographs, 33% used Zanca view radiographs,
and 15% used weight-bearing radiographs. For decades,
surgeons worldwide have debated whether weighted or
non-weighted views diagnose AC joint dislocations ef-
fectively [33]. Bossart et al. presented 83 pairs of ra-
diographs with and without weights obtained as part
of work-up for AC joint dislocation. In only three
cases (4%) did the weights cause the coracoclavicu-
lar distance on the injured side to increase, thereby
revealing a grade 3 injury not evident on plain radi-
ographs [34]. In our study, after performing addition-
al X-ray examination (axillary and Alexander view),
the type of AC joint dislocation was changed from
Rockwood type II/I1I to type IV in 3 patients (2.9%),
from type II to III in 5 patients (4.9%), and from type
III to V in 2 patients (1.9%). The absence of 100%
sensitive and specific radiographs for all AC joint
dislocation types requires an X-ray examination in at
least three views.

Depending on the severity of the injury, the cora-
coclavicular ligaments can be stretched [35], partial-
ly torn, or completely torn; an ultrasound examina-
tion can evaluate their contribution to AC joint injury
diagnosis. In a human cadaveric study, Gerhard Mar-
tin Hobusch et al. determined that horizontal displa-
cement in the AC joint was 1.3 = 0.9 mm with intact
ligaments, 1.4 = 1.2 mm after transecting the AC lig-
aments, and 1.9 = 1.3 mm after additionally transect-
ing the CC ligament. The joint space was 3.3 + 1.1
mm with intact ligaments, 4.1 = 1.8 mm in an iatro-
genic Rockwood type II injury, and 5.3 £ 3.3 mm in
an iatrogenic Rockwood type III injury [36]. Heers et
al. performed ultrasound examinations in 13 cadav-
eric acromioclavicular joints. The mean sonographic
width of the joint space was 3.9 mm + 1.7 mm and
the distance from the joint space to the capsular in-
sertions on the clavicle and on the acromion was 4.4
+ 1.4 mm and 5.3 £ 2 mm, respectively [37]. In
another study, an ultrasound examination was deve-
loped and tested for its ability to detect ligament in-
jury and mean distance in the AC joint in the hori-

zontal [38] and vertical plane, measure distance be-
tween the coracoid process and clavicle, to detect
dynamic instability with provocative tests (piano-key
test and Paxinos test) in the vertical and horizontal
planes, identify detachment of the deltoid and trapez-
ius muscles from the acromial end of the clavicle and
injury to the capsular ligament of the sternoclavicu-
lar joint, and compare the indicators with the con-
tralateral intact joint.

MRI is optimal for evaluating soft tissue injuries,
occult fractures, articular cartilage damage, synovi-
tis, and there is no risk of radiation exposure to the
patient, but it is not a routine method for diagnosing
AC joint dislocation [39]. However, there is a grow-
ing interest in and popularization of the use of this
method for assessing AC and coracoclavicular liga-
mentous injury [40,41]. Kaywan Izadpanah et al. de-
scribed a new method: stress MRI facilitates the
acquisition of morphologic and functional informa-
tion on acute ACJ injuries; it helps to distinguish
between partial and complete ligament tears. In chro-
nic ACJ injuries, it provides functional information
about ligament regrinds [42]. In our study, in most
patients with acute AC joint dislocation, MRI scans
revealed injury to both coracoclavicular ligaments
(96% for conoid ligament and 81% for trapezoid lig-
ament), detachment of the deltoid muscle (65%) and
trapezius muscle (73%), injury to both acromioclavi-
cular ligaments. Stress MRI should be used as an
additional option in difficult cases. Jensen et al. iden-
tified one or more concomitant glenohumeral patho-
logies in 201 patients (53%) who underwent arthro-
scopically-assisted stabilization of acromioclavicular
joint dislocation of Rockwood type III and V. We ob-
served concomitant glenohumeral pathologies (SLAP
lesion, biceps tendinitis, partial rotator cuff tear, bi-
ceps pulley lesion, os acromiale, distal clavicular oste-
olysis) in 22 patients (85%). MRI should be manda-
tory in examination of patients with AC joint injury
to choose the tactics of surgical intervention, i.e. an
open (mini-open) procedure only on the AC joint or
arthroscopically-assisted procedure to treat concomi-
tant glenohumeral pathologies.

CT imaging is not a routine evaluation of AC
joint dislocation. Nouh MR et al. determined the mor-
phometric and biometric measurements of the typical
AC joint in vivo on a multidetector CT device: ante-
rior and posterior axial AC joint distances were 0.59
+ 0.27 cm and 0.26 = 0.11 cm; the coracoclavicular
distance was 0.73 = 0.41 cm; the AC angle was
26.550 = 14.71 [43]. David R Dyer et al. described
the case of a 21-year-old female pedestrian involved
in a motor vehicle accident that presented 4 months
post-injury with unresolved shoulder pain. However,
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acute trauma X-ray and CT showed no shoulder ab-
normality. Repeat plain radiographs showed a mod-
erately increased coracoclavicular distance, an ultra-
sound examination showed a partial rotator cuff tear
and disruption of the AC joint, and a MRI examina-
tion showed mild AC joint disruption. Dynamic 4D
CT showed a significant translation of the AC joint in
multiple planes, which changed future management.
With a wide field of view, dynamic 4D CT is an ac-
curate and quick modality to diagnose acute and chro-
nic AC joint injury [42, 44-50]. Given the hazards of
ionizing radiation, it is pertinent to investigate diag-
nostic examinations using non-hazardous imaging
modalities to examine the acromioclavicular joint.
The frequently sports-related nature of the injury
often means that the patient is a young adult.
Delayed and incomplete diagnosis is one of the
main reasons for unsatisfactory treatment outcomes
for ACC dislocations. To optimize the diagnosis of
shoulder joint lesions, we analyzed the available exa-
mination methods, and the most informative of them
were selected, on the basis of which a set of diagnos-
tic measures was proposed that maximally reflects
the condition of the joint without resorting to inva-
sive research methods. According to the results of the
study, no clinical test can indicate AC joint disloca-
tion with 100% sensitivity and specificity. Determi-
nation of sensitivity and specificity of X-ray exami-
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