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Abstract

Purpose The purpose of this study was to identify the risk of
concomitant glenohumeral pathologies with acromioclavicular
joint injuries grade I1I and V.

Methods Patients who underwent arthroscopically-assisted sta-
bilization of acromioclavicular joint injuries grade III or grade
V between 01/2007 and 12/2015 were identified in the patient
databases of two surgical centres. Gender, age at index surgery,
grade of acromioclavicular joint injury (Rockwood III or
Rockwood V), and duration between injury and index surgery
(classified as acute or chronic) were of interest. Concomitant
glenohumeral pathologies were noted and their treatment was
classified as debridement or reconstructive procedure.

Results A total of 376 patients (336 male, 40 female) were
included. Mean age at time of arthroscopic acromioclavicular
joint reconstruction surgery was 42.1 £ 14.0 years. Overall,
201 patients (53%) had one or more concomitant
glenohumeral pathologies. Lesions of the biceps tendon com-
plex and rotator cuff were the most common. Forty-five pa-
tients (12.0%) had concomitant glenohumeral pathologies that
required an additional repair. The remaining 156 patients
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(41.5%) received a debridement of their concomitant patholo-
gies. Rockwood grade V compared to Rockwood grade 11T
(p = 0.013; odds ratio 1.7), and chronic compared to acute
injury were significantly associated with having a concomitant
glenohumeral pathology (p = 0.019; odds ratio 1.7). The prob-
ability of having a concomitant glenohumeral pathology was
also significantly associated with increasing age (p < 0.0001).
Conclusions Concomitant glenohumeral pathologies were
observed in 53% of surgically treated patients with an acute
or chronic acromioclavicular joint injury of either grade III or
V. Twenty-two percent of these patients with concomitant
glenohumeral pathologies received an additional dedicated
repair procedure. Although a significant difference in occur-
rence of concomitant glenohumeral pathologies was seen be-
tween Rockwood grades III and V, and between acute and
chronic lesions, increasing age was identified as the most
dominant predictor.
Level of Evidence: Level IV, case series.

Keywords Acromioclavicular joint injury - Arthroscopy -
Shoulder - Concomitant glenohumeral pathology - Bizeps
tendon - SLAP complex - Rotator cuff

Introduction

Injuries of the acromioclavicular (AC) joint are among the most
common injuries of the shoulder girdle with an estimated inci-
dence of 1.8 per 1000 per year [1]. The male-female ratio is as
high as 8.5:1 and more than half of all AC joint injuries occur in
individuals between the ages of 20 and 39 years, mainly during
sport activities [ 1, 2]. Accordingly, 30% of all shoulder injuries in
the NFL are AC joint injuries, with an incidence of 2.6/1000
athletes per year [3]. AC joint injuries are typically classified
according to Rockwood [4]. More recently, the ISAKOS upper
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extremity committee introduced a new sub-classification of
Rockwood grade III injuries into grade IIIA (horizontally stable)
and IIIB (horizontally unstable) [5]. Present controversy
concerning the treatment of Rockwood grade III injuries [6—10]
may possibly be solved with use of this sub-classification.
Evidence in the literature suggests that Rockwood grades I, 11,
and IITA injuries can usually be treated non-operatively whereas
Rockwood grades IIIB, IV, V, and VI injuries are typically treated
with surgical reconstruction [5—16].

Many authours classify the first 21 days after an AC joint
injury as the acute injury phase, with symptoms persisting for
more than three weeks being classified as chronic [6, 12,
17-20]. If surgical treatment is performed acutely, some surgeons
prefer AC joint stabilization without additional graft augmenta-
tion and, in such instances, rely on the healing of the original
coracoclavicular (CC) and AC ligaments [11, 12, 14, 16]. While
the use of an additional allo- or autograft augmentation is done by
some for acute injuries [10, 13] graft use is clearly recommended
for surgical stabilization performed more than three weeks after
the injury (chronic AC joint injuries) [17, 21]. Addressing both
the CC and AC ligaments may be important to restore horizontal
as well as vertical AC joint stability, independent of the duration
between injury and surgical treatment [9, 17, 21, 22].

The prevalence of concomitant glenohumeral pathologies
(CGP) associated with surgically treated AC joint injuries has
been described to lie somewhere between 15 and 43%, and
several authors have emphasized glenohumeral arthroscopy
prior to AC joint stabilization [12, 17, 19, 20, 23, 24]. Most
studies with evaluation of CGP have focused on acute AC
joint injuries, and some evidence suggests that concomitant
lesions may be more common in higher grade injuries [19, 20,
24]. Arrigoni et al. found a significantly higher rate of CGP for
older versus younger patients with the cutoff age arbitrarily set
at45 years [23]. Furthermore, the authors observed more CGP
in patients with chronic injuries (41%) compared to patients
with acute injuries (23%) but this difference was not statisti-
cally significant. Despite these previous observations, the
probability of missing a CGP if AC joint stabilization surgery

Fig. 1 Standardized glenohumeral inspection of a right shoulder at the
beginning of the procedure: standard posterior viewing portal with a 30°
scope using a probe (*) through an antero-inferior portal in the rotator
interval. a 30° scope focussed on 9 o’clock position: evaluation of the
SLAP-complex (SLAP) and anterior labrum (La), the medial
glenohumeral ligament (MGHL), glenoid surface (Gl). and superior
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is performed without glenohumeral arthroscopy remains un-
clear for individual patients.

The purpose of this study was to identify the risk of con-
comitant glenohumeral pathologies with acromioclavicular
joint injuries grade Il and V. We hypothesized that CGP
would be more common in patients with grade V injuries
compared to patients with grade III injuries. It was further-
more hypothesized that CGP would be more common in pa-
tients with chronic versus acute AC joint injuries, and that the
probability of CGP would be associated with increasing age.

Materials and methods

This study consisted of a retrospective review of prospectively
collected data from two surgical centres (The Steadman Clinic in
Vail, Colorado, U.S.A. [Center 1] and DIAKOVERE
Friederikenstift gGmbH in Hanover, Germany [Center 2]).
Institutional Review Board approval was obtained before initia-
tion of this study. Patients who underwent arthroscopically-
assisted reconstruction of AC joint injuries grade III or grade V
between 01/2007 and 12/2015 were identified in the patient da-
tabases of a sports medicine fellowship-trained orthopaedic sur-
geon and of a multi-surgeon traumatology clinic with arthroscop-
ic specialization. The inclusion criteria were arthroscopically-
assisted stabilization of AC joint injuries grade III and grade V
and arthroscopic glenohumeral joint inspection with documenta-
tion of possible intraarticular CGP (Fig. 1). Patients with prior
arthroscopic treatment of the affected shoulder after the AC joint
injury but before the index AC joint stabilization with documen-
tation of CGP were excluded. Furthermore, patients with a his-
tory of significant prior shoulder surgery, i.e., fracture treatment,
arthroplasty or tendon transfer were excluded.

The demographic data collected included gender, age at index
surgery, grade of AC joint injury (Rockwood III or Rockwood
V), and duration between AC joint injury and index surgery.
Depending on the duration between injury and surgery, the AC
joint injuries were classified as acute (defined as 0-21 days) or

aspects of the long head of the biceps tendon (LHB). b 30° scope
focussed on 4:30 o’clock position: evaluation of the surface of the
humeral head (Hu) and the medial aspects of the pulley complex with
the subscapular tendon (SSC) and LHB. ¢ The same orientation of the
scope focussed on the lateral aspect of the pulley system with LHB and
the supraspinatus tendon (SSP)
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chronic (more than 21 days) [11, 12, 17, 19, 20, 25]. The iden-
tified CGP that were of interest for this study included chondral
lesions of the humeral head or the glenoid, labral lesions (i.e.,
Bankart lesions, posterior Bankart lesions or labral fraying),
SLAP lesions (according to Snyder et al. [26]), intra-articular
biceps degeneration or tearing, pulley lesions and/or biceps in-
stability, subscapularis lesions, and posterosuperior rotator cuff
lesions (supraspinatus, infraspinatus) including partial- or full-
thickness rotator cuff tears. The treatment of these CGP was
recorded and was broadly classified as a debridement or recon-
structive procedure (e.g., repair of SLAP lesions, rotator cuff
repair, or biceps tenodesis, etc.) with type and technique noted.
Inflammatory pathologies such as synovitis and tenosynovitis
were not counted as CGP.

Statistical methods

Statistical analysis was done using R software [27].
Descriptive analysis was done for all parameters of interest.
Fisher’s exact test was used to test for an association between
CGP and Rockwood grade, gender, and acute or chronic in-
jury. Logistic regression was used to model CGP as a function
of age. A nonlinear effect for age was modeled using a re-
stricted cubic spline, and a likelihood ratio test was used to
assess the overall statistical significance of the age effect.

Results

Between 01/2007 and 12/2015, a total of 389 patients had an
arthroscopically-assisted stabilization of Rockwood grade 111

or grade V AC joint injury in both study centers. Twelve pa-
tients had received prior arthroscopic treatment at an external
facility after the AC joint injury but before the index AC joint
stabilization surgery and were therefore excluded from the
study. Another patient had an AC joint injury after having
received a latissimus dorsi transfer. This patient was excluded
due to the distorted glenohumeral joint anatomy. A total of
376 patients (336 male, 40 female) fit the inclusion criteria
(29.8%, n = 112 from Center 1 and 70.2%, n = 264 patients
from Center 2). Mean age at time of arthroscopic AC joint
stabilization surgery was 42.1 + 14.0 years (range, 13—
76 years). The AC joint injury was classified as Rockwood
grade III in 186 patients and as Rockwood grade V in 190
patients. Patients with grade III injury were significantly
younger (mean age 39.6 years) than patients with a grade V
injury (mean age 44.6 years; p < 0.001). The AC joint injury
was classified as acute (0-21 days after trauma) in 229 pa-
tients (60.9%) and as chronic (>21 days after trauma) in 147
patients (39.1%). For patients with chronic AC joint injuries,
the mean duration between the injury and the arthroscopically-
assisted treatment was 99.8 = 175.5 weeks (range, 3—
863 weeks). Patients with chronic injuries that received AC
joint reconstruction were significantly older (mean age
44.9 years) than patients with acute injuries (mean age
40.3 years; p = 0.002).

Concomitant glenohumeral pathologies

Overall, 317 CGP were identified in 376 patients (Table 1),
and 45 patients (12.0%) had one or more CGP that required an
additional reconstructive procedure (Table 2). Fifty-three

Table 1 Concomitant
glenohumeral pathologies

[SLAP = superior labrum
anteroposterior]

Total concomitant lesions (debrided and reconstructed) Overall
Patients with at least 1 rotator cuff lesion 86 (22.9%)
Supraspinatus

-Full-thickness tears, n = 9

-Articular-sided partial-thickness tears, n = 62 71 (18.9%)
Subscapularis 23 (6.1%)
Labral lesions (Bankart lesions, posterior Bankart lesions, labral fraying) 73 (19.4%)

from the 2-o’clock to 10-0’clock position
Patients with at least 1 biceps complex lesion 97 (25.8%)
SLAP 1 lesion 60 (16.0%)
SLAP 2 lesion or higher 20 (5.3%)
Intra-articular biceps tear 18 (4.8%)
Pulley lesions/ biceps instability 14 (3.7%)
Chondral lesions of the humeral head or the glenoid 38 (10.1%)
Total number of patients with concomitant lesions n =201 of 376 (53.5%)
Total number of concomitant lesions n=317

Number of patients with >1 lesions

n =284 (22.3%)

Overall, 45 patients (12.0%) had one or more CGP that required an additional reconstructive procedure (Table 2).
The remaining 156 patients (41.5%) with CGP received a debridement of their lesion(s) only
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Table 2 Concomitant lesions

that were treated with an Total reconstructed concomitant lesions Number Procedure
additional reconstructive
procedure [DR RCR = double- Rotator cuff lesions 19 (5.1%)
row rotator cuff repair; Supraspinatus
PASTA = partial articular . -Full-thickness tears, n = 9 n=9 DR RCR
supraspinatus tendon avulsion; X . . X R
SLAP = superior labrum anterior -Articular-sided partial-thickness tears, n = 1 10 n = 1 PASTA repair
posterior] Subscapularis tears 9 n = 1 healing response [43]
8 repairs
Labral lesions (i.e., Bankart or posterior Bankart lesions) 9 n =9 repairs
from the 2-0’clock to 10-0’clock position
Biceps complex lesion 36 (9.6%)
SLAP lesions (type 2, 3, or 4 according to Snyder et al.) 15 n =8 SLAP repairs
n = 14 biceps tenodesis
Intra-articular biceps degeneration/tear 13 n = 13 biceps tenodesis
Pulley lesions and/or biceps instability 8 n = 8 biceps tenodesis
Chondral lesions of the humeral head or the glenoid 2 n = 2 microfracture
Total number of patients with reconstructed concomitant lesions 45 (12.0%)
Total number of reconstructed concomitant lesions n=06l

percent of the patients had at least one CGP with lesions of the
biceps tendon complex (especially SLAP lesions) and lesions
of the rotator cuff being the two most common.

Patients with a Rockwood grade V AC joint injury were
significantly more likely to have a CGP (114/190, 60%) than
patients with a grade III injury (87/186, 46.8%; p = 0.013;
odds ratio 1.7). Patients with a chronic AC joint injury were
significantly more likely to have a CGP (90/147, 61.2%) than
patients with an acute injury (111/229, 48.5%; p = 0.019; odds
ratio 1.7). Gender was not associated with a higher risk for
having CGP (female 22/40, 55%; male 179/336, 53.3%;
p = 0.87; odds ratio 0.93). The probability of having a CGP
was significantly associated with increasing age (p < 0.0001;
Table 3, Fig. 2).

Although a significant difference in occurrence of CGP
was seen between Rockwood grades I1I and V AC joint inju-
ries, and between acute and chronic injuries, age was found to
be the most dominant predictor (Fig. 3).

Table 3  Concomitant glenohumeral pathologies (CGP) per decade of
age

Decade Number of =~ Number of Percentage of  Percentage of
ofage  patients with  patients with patients with ~ patients with
(years) no CGP (n) CGP (n) no CGP (%) CGP (%)

10s 12 3 80.0 20.0

20s 51 28 64.6 354

30s 36 34 51.4 48.6

40s 48 63 432 56.8

50s 17 40 29.8 70.2

60s 10 26 27.8 72.2

70s 1 7 12.5 87.5
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Patients with a chronic AC joint injury were more likely to
present with a CGP within the first 20 weeks after the trauma
and then again at a year or more after the injury (Fig. 4). The
time from injury of approximately 2050 weeks had the low-
est risk for patients with a chronic injury to present with a
CGP.

There was no significant association between the
Rockwood grade (p = 0.20) and the need for an additional
reconstructive procedure. Patients with chronic AC joint
injuries were more likely to have a CGP that needed ad-
ditional reconstruction (p = 0.02; odds ratio 2.1). The
likelihood to need additional reconstructive surgery was
significantly associated with age (p = 0.03; Table 4,
Fig. 5).

1.00 4

0.75 4

0.50 1

Probability

0.25 A

0.00 A

20 30 40 50 60 70
Age (years)
Fig. 2 Association of the modeled probability of having concomitant
glenohumeral pathology with age (e.g., probability of 0.4 = 40%)
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Discussion

The most important finding of this study was that CGP can be
expected in more than 50% of surgically treated patients older
than 30 years with an acute or chronic AC joint injury of either
grade III or V. In addition, although a significant difference in
occurrence of CGP was seen between Rockwood grades 111
and V, and between acute and chronic lesions, age was iden-
tified as the most dominant predictor. Overall, 12.0% of the
patients had one or more CGP that required an additional
reconstructive procedure.

The prevalence of CGP associated with surgically treated
AC joint injuries has previously been reported to lie somewhere
between 15 and 43% [12, 17, 19, 20, 23, 24]. Tischer et al. in
2009 found 14 CGP among 77 patients (18.2%) and concluded
that CGP obtained during traumatic AC joint separation may be
more frequent than previously thought [24]. The authors fur-
thermore found CGP associated with the AC joint injury in

Probability
o
[e2]

o
o
|

0.4 -

0 100 200 300 400 500
Weeks from Injury to Surgery
Fig. 4 Relationship between the duration since trauma and the modeled
probability of presenting with concomitant glenohumeral pathology for
patients with a chronic AC joint injury (e.g., probability of 0.7 = 70%)

40 50 60 70 20 30 40 50 60 70
Age (years)

patients with Rockwood grade IV and grade V injuries, but
not in patients with Rockwood grade III injuries. Pauly et al.
published similar results among 40 patients with AC joint inju-
ries in 2009, and described traumatic intraarticular lesions in
15% of the patients [19]. In 2012, Pauly et al. tried to distin-
guish between acute intra-articular lesions, related to the trauma
which caused the AC joint injury, and degenerative lesions,
considered to be unrelated to the recent trauma, among 125
patients [20]. Their study showed a high prevalence (30%) of
CGP, of which some indicated for an additional arthroscopic
surgical procedure. The authors also found difficulties in differ-
entiating the cause of each CGP. In 2014, Arrigoni et al. report-
ed on associated lesions requiring additional surgical treatment
in grade III AC joint dislocations with an attempt to identify
patients at risk [23]. The authors found CGP in 43% of 98
patients with surgical treatment of a Rockwood grade III injury,
and 29.5% of all patients required an additional dedicated re-
constructive procedure. The increasing percentage of CGP de-
tected over time may be related to an increased awareness of
CGP. For their attempt to identify patients at risk, Arrigoni et al.
used an arbitrary cutoff age between younger (<45 years) and
older patients (>45 years), and also an arbitrary definition of
acute (<30 days) and chronic (>120 days) injuries [23]. The
authors found that the frequency of CGP was significantly as-
sociated with age older than 45 years.

Despite these prior publications, the probability of missing
a diagnosis of CGP if AC joint stabilization surgery is per-
formed without glenohumeral arthroscopy remains unclear for
individual patients dependent on the type of lesion
(Rockwood III vs 'V, acute vs chronic injury) and the patients’
age. Apart from a high suspicion of additional pathologies
during clinical examination, possible consequences included
additional preoperative imaging, such as ultrasound and/or
MRI, or arthroscopic treatment of all AC joint injuries in order
to not miss clinically relevant CGP.

The data presented in this study can help determine the
probability of individual patients with acute or chronic, grade
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Table 4 Concomitant glenohumeral pathologies (CGP) with the need for an additional reconstructive procedure per decade of age

Decade  Number of patients with CGP not Number of patients with CGP  Percentage of patients with CGP  Percentage of patients with CGP
ofage  requiring additional reconstructive requiring additional not requiring additional requiring additional

(years)  procedure (n) reconstructive procedure (n) reconstructive procedure (%) reconstructive procedure (%)
10s 14 93.3 6.7

20s 75 94.9 5.1

30s 62 8 88.6 114

40s 95 16 85.6 144

50s 51 89.5 10.5

60s 28 77.8 222

70s 6 75.0 25.0

I or grade V AC joint injuries to have a CGP. Considering the
fact that CGP are common and many of the CGP require
additional surgery, the knowledge of the probability for an
individual patient to have an additional CGP associated with
the AC joint injury seems clinically relevant. On one hand, it
is important for appropriate consultation of the patient during
the clinic visit, and on the other hand, it allows for adequate
planning of the procedure and the associated surgical time. It
is in the patient’s best interest to identify and treat CGP at the
time of the index surgery in order to avoid future surgery,
additional rehabilitation time, and inferior outcomes.
Although there is a generally high correlation between
MRI and arthroscopic pathologic findings in the shoulder joint
[28], the importance of MRI for the diagnosis of CGP of AC
joint injuries still needs to be determined [20]. Specifically,
MRI has the lowest sensitivity and specificity concerning the
diagnosis of anterior shoulder structures, which were com-
monly affected in association with AC joint injuries [18, 28].
MRI has previously been used to describe findings of AC joint
dislocation in comparison with radiographic findings, and to
evaluate CC and AC ligaments under stress, but special pro-
tocols are needed to visualize the CC and AC ligaments
[29-31]. However, none of the aforementioned studies

Fig. 5 Relationship between the

reported on eventual CGP. Generally, it has to be noted that
MRI imaging does not represent the imaging modality of first
choice in diagnosing AC joint injuries [29].

Arthroscopically-assisted and open surgical treatment of
high grade AC joint injuries were found to have similar
outcomes after minimum two year follow up [12, 32].
Arthroscopically-assisted procedures, however, offer the
possibility to diagnose and treat CGP [12, 17, 19, 20, 23,
24]. It is important to notice that to date it remains unclear
if the treatment of these CGPs improve the patient’s out-
come in comparison to leaving the CGP untreated. In ad-
dition to a potential benefit from the possibility to treat
CGP, no secondary implant removal is necessary, and
non-rigid arthroscopically assisted CC fixation was recent-
ly found to provide better quality-of-life outcomes than
hook plate fixation [14]. Techniques with less cortical dril-
ling and smaller drill-holes recently helped to reduce com-
plication rates of initial arthroscopic-assisted techniques,
which were previously found to be as high as 27.1% [33,
34]. For those who still prefer to perform AC joint recon-
struction with hook-plate fixation, it may be relevant that
arthroscopy has also recently been combined with hook-
plate fixation of AC joint dislocations [35].
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Generally, it seems difficult to judge which CGP were
preexisting and non-symptomatic, which CGP were caused
by the same trauma as the AC joint injury, and which CGP
may cause persistent shoulder pain [20, 36]. Although Pauly
et al. distinguished between traumatic and degenerative cause
of the CGP, the authors had difficulties in differentiating the
cause of each CGP. Especially in patients with a long, chronic
history of AC-joint injury, this question becomes even more
complicated to answer. The relevance of the CGP that were
treated with debridement only remains unclear and will not be
answered by this study. Progression of partial-thickness rota-
tor cuff tears to full-thickness rotator cuff tears has been de-
scribed [37, 38], and a substantial percentage of asymptomatic
rotator cuff tears becomes symptomatic and undergoes ana-
tomic deterioration [39]. At least in the context of partial-
thickness rotator cuff tears, debridement may have a certain
importance. On the other hand, in some instances there may be
the risk of ‘over-treatment’ of CGP that may not have become
clinically apparent. Future investigations will be needed to
clarify which CGP should be treated to achieve improved
outcomes and which can be left untreated or neglected.

The higher prevalence of CGP among patients with grade V
AC joint injuries may be explained by the more severe injury
pattern with disruption of the deltotrapezoid fascia, which is
likely caused by more severe trauma mechanisms. The fact that
CGP were more common in patients with chronic injuries may
be explained by the selection bias of patients with ongoing
symptoms caused by a CGP. Arrigoni et al. accordingly found
a higher percentage of CGP in patients with chronic AC joint
injuries compared to acute lesions but their study was likely
underpowered to detect a significant difference [23]. Among
patients with arthroscopic treatment of chronic AC joint inju-
ries, CGP showed a bimodal distribution. The first peak oc-
curred between weeks 4 to 20, and may be caused by patients
for which non-operative treatment of AC joint injuries was
unsuccessful due to symptomatic CGP. In this context, more
than two-thirds of patients with failure of non-operative treat-
ment after grade III AC joint injury were recently found to
present with some kind of CGP [8]. The second peak began
in the second year after the injury. Secondary symptoms asso-
ciated with CGP may be caused by the effect of persistent
scapular dyskinesia which can be found after non-operative
and operative treatment of AC joint injuries, and may create
or exacerbate abnormal glenohumeral kinematics and can sub-
sequently cause articular pathologies [14, 15, 31, 40-42].

Limitations

As a limitation of this study, no sub-analysis was possible for
Rockwood IIIA and IIIB injuries as radiographic analysis of
horizontal instability recently evolved and was not retrospec-
tively available for many of these patients with Rockwood
grade III injury. The patient population presenting with AC joint

injuries may vary considerably among different centres. The
fact that the data of two high-volume surgical centres located
in different continents were combined, and a large number of
patients were included are considered strengths of this study.

Conclusion

Concomitant glenohumeral pathologies were observed in
53% of surgically treated patients with an acute or chronic
AC joint injury of either grade III or V. Twenty-two percent
of these patients with CGP received an additional dedicated
reconstructive surgical procedure. Although a significant dif-
ference in occurrence of CGP was seen between Rockwood
grades III and V, and between acute and chronic lesions, in-
creasing age was identified as the most dominant predictor.
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