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Background: The coracoacromial ligament (CAL) is frequently observed to be damaged during arthroscopy and it is unclear how demo-
graphic, anatomic, and radiographic factors are related to CAL degeneration in full-thickness rotator cuff tears.

Methods: A prospective study was conducted of patients at a single institution undergoing shoulder arthroscopy for first-time, full-thick-
ness rotator cuff tears. We evaluated preoperative anteroposterior radiographs to obtain critical shoulder angle, glenoid inclination, acromi-
al index, acromiohumeral distance, lateral acromial angle, and acromial morphology. We documented CAL quality, rotator cuff tear size
and pattern during arthroscopy. Multiple logistic regression was used to identify predictive factors for encountering severe CAL fraying
during arthroscopy.

Results: Shoulders had mild CAL degeneration in 58.1% of cases, whereas severe CAL degeneration was present in 41.9% of shoulders. Pa-
tients with severe CAL attrition were significantly older (62.0 years vs. 58.0 years, P=0.042). Shoulders with severe CAL attrition had large
rotator cuff tears in 54.1% of cases (P<0.001), and tears involving the infraspinatus (63.2% vs. 29.6%, P=0.003). The severe degeneration
group was more likely to have a larger critical shoulder angle measurement on preoperative radiographs than those in the mild attrition
group (36.1°%3.6° [range, 30°-45°] vs. 34.1°+3.8° [range, 26°-45°], P=0.037).

Conclusions: While the clinical impact of CAL degeneration remains uncertain, increased severity of CAL degeneration is associated with
older age, larger rotator cuff tear size, presence of infraspinatus tearing, and increased preoperative critical shoulder angle.

Level of evidence: IIL.
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INTRODUCTION

The coracoacromial ligament (CAL) is a thickened band of fi-
brous tissue that extends from the anterolateral margin of the ac-
romion to the base of the coracoid, along the anterior aspect of
the capsule between the supraspinatus and subscapularis tendons
in the shoulder [1]. It most commonly exists as distinct postero-
medial and anterolateral bands. The anterolateral band is gener-

ally thicker, more commonly associated with spurring, and is

thought to act as a load-bearing structure in the shoulder [2]. As
part of the coracoacromial arch, the CAL has been suggested to
contribute to restraint of anterosuperior humeral head displace-
ment [3,4], in addition to having a potential role in shoulder bio-
mechanics, stability, and proprioception [5,6].

Patients with degenerative changes of the CAL are more likely
to have acromial undersurface changes, such as enthesophyte
formation at the site of CAL insertion, and these changes may

play a role in subacromial impingement [5]. Neer famously re-
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ported on mechanical impingement of the tendinous rotator cuff
on the anterior third of the acromion and the CAL. He subse-
quently recommended resection of the undersurface of the ante-
rior acromion and detachment of the CAL in symptomatic pa-
tients [7].

It remains unknown whether CAL tearing is related to intrin-
sic degeneration or extrinsic impingement factors like variations
in bony anatomy or altered shoulder mechanics due to rotator
cuff disease. The relationship between bursal-sided partial-thick-
ness rotator cuff tears (RCTs) and CAL fraying has been demon-
strated [8]. The aim of the present study was to determine demo-
graphic, anatomic, and radiographic factors associated with CAL
degeneration and tearing in patients undergoing surgery for
full-thickness RCTs. We hypothesized that CAL degeneration

would be associated with greater tear size.

METHODS

Participants

This study received approval from the Institutional Review Board
under Federalwide Assurance (No. 00002109). Informed consent
was obtained from all patients. We performed an institutional re-
view board-approved prospective study of consecutive patients
undergoing shoulder arthroscopy for full-thickness RCTs by two
fellowship-trained shoulder surgeons at a single institution (SG,
SN). All procedures included diagnostic arthroscopy. Patients
with a history of prior surgery, fracture, or infection on the ipsi-
lateral shoulder were excluded, as were those without preopera-
tive plain radiographs and those over the age of 80 years. Demo-

graphic, radiographic, and intraoperative data were collected.

Data and Measurements

The quality of the CAL, size and pattern of the RCT, and pres-
ence of biceps tendon pathology were recorded at the time of di-
agnostic arthroscopy. CAL quality was graded according to the
Copeland-Levy classification of acromial lesions (Table 1), which
has been shown to have excellent intra- and inter-observer reli-

ability [9]. For the purpose of our study, grades 0 and 1 were con-

Table 1. Copeland-Levy classification of acromial lesions

Grade Feature

0 Normal-appearing CAL and acromial undersurface

1 Minor fraying or scuffing of CAL and acromial undersurface
2 Major fraying or scuffing of CAL and acromial undersurface
3 Major fraying or scuffing with presence of bare acromial areas

CAL: coracoacromial ligament.

https://doi.org/10.5397/cise.2023.00661

sidered to represent minor CAL degeneration, whereas grades
2-3 represented severe CAL degeneration. RCT size and pattern
were described according to the DeOrio and Cofield Classifica-
tion [10] and Ellman systems [11], respectively.

Preoperative radiographic parameters were measured on avail-
able anteroposterior (AP) radiographs and included the critical
shoulder angle (CSA), glenoid inclination (Gin), acromial index
(AI), acromiohumeral distance (AHD), lateral acromial angle
(LAA), and acromial morphology. All measurements were per-
formed by a single fellowship-trained shoulder surgeon who was
blinded to all intraoperative findings, including CAL degenera-
tion grade. CSA was measured as the angle between the line con-
necting the superior and inferior margins of the glenoid and the
line connecting the inferior margin of the glenoid to the lateral
border of the acromion [12]. To determine Gin, the p angle was
first measured between the line connecting the superior and in-
ferior margins of the glenoid and the line tangential to the base
of the supraspinatus fossa.

Gin was subsequently calculated as the difference between 90
degrees and the p angle [13]. Al was determined by dividing the
horizontal distance from the glenoid plane to the lateral aspect of
the proximal humerus by the distance from the glenoid plane to
the lateral border of the acromion [14]. AHD defined the short-
est vertical distance between the inferior aspect of the acromial
undersurface and the most superior portion of the humeral head
[15]. The LAA was recorded as the angle between the line paral-
lel to the acromial undersurface and the line connecting the su-
perior and inferior margins of the glenoid [16]. Acromial mor-
phology was classified as initially described by Bigliani et al. [17]
with type I being flat, type II curved, and type III hooked.

Statistical Analysis

Intraoperative CAL quality was the dependent variable in this
study. Continuous variables were summarized using sample
means with standard deviations and compared between groups
with t-tests or Mann-Whitney U-tests to determine the signifi-
cance of differences, as appropriate. Categorical data are present-
ed as percentages, and the significance of differences in these
variables between groups was assessed using chi-square or Fish-
er’s exact tests. Statistical significance was set at P <0.05. A multi-
ple logistic regression model was implemented to estimate the
probability of severe CAL degeneration during arthroscopic eval-
uation. Variables chosen for this regression analysis included pa-
tient age, tear size, torn tendon, and preoperative CSA and AHD

measurements based on significance in univariate analysis.
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RESULTS

Among the 93 patients included in this study, mean age was
59+ 8 years, and surgery was performed on the dominant ex-
tremity in 53 (57.0%). At the time of diagnostic arthroscopic
evaluation, 20 (21.5%) CA ligaments were classified as grade 0
degeneration, 34 (36.6%) as grade 1, 29 (31.2%) as grade 2, and
10 (10.8%) as grade 3. Mild CAL degeneration (grades 0-1) was
seen in 54 shoulders (58.1%), whereas severe CAL degeneration
(grades 2-3) was seen in 39 (41.9%). Patients with severe CAL
attrition were significantly older than those with mild CAL attri-
tion (62.0 years vs. 58.0 years, P=0.042). Arm dominance was
not correlated with severity of CAL degeneration.

Rotator cuff tear size was associated with increasing severity of
CAL degeneration, with 54.1% of shoulders with severe CAL at-
trition having concomitant large RCTs (P <0.001) (Table 2). Only
17 of 59 shoulders (28.8%) with small or medium-sized tears had
severe CAL degeneration, as opposed to 20 of 28 shoulders

(71.4%) with large-sized tears. Multivariate regression demon-

strated that patients with large tears were 35.6 times more likely
to have concurrent severe CAL degeneration than those with
small tears (P=0.008) (Table 3). Furthermore, RCTs involving
the infraspinatus were more frequent in patients with severe CAL
degeneration than in those with mild changes (63.2% vs. 29.6%,
P=0.003) (Table 2).

Table 3. Multivariate regression analysis using a mild versus severe
CAL tearing as a dependent outcome

Variable Odds ratio 95% CI P-value
Age 0.97 0.89-1.07 0.566
Tear size

Small (reference)

Medium 4.02 0.64-35.59 0.158

Large 35.57 3.20-687.13 0.008
Infraspinatus tearing 1.01 0.14-6.16 0.993
CSA 1.27 1.04-1.60 0.028
AHD 0.85 0.55-1.21 0.428

CAL: coracoacromial ligament, CI: confidence interval, CSA: critical
shoulder angle, AHD: acromiohumeral distance.

Table 2. Demographic and clinical variables associated with CAL degeneration

Variable Mild CAL degeneration (n=54) Severe CAL degeneration (n=39) P-value
Age (yr) 57.6+9.2 61.4+£6.8 0.042*
Duration of symptoms (mo) 104+114 94+11.5 0.481
Dominant shoulder 1.000
No 23 (42.6) 17 (43.6)
Yes 31(57.4) 22 (56.4)
Tear size <0.001*
Small 26 (52.0) 5(13.5)
Medium 16 (32.0) 12 (32.4)
Large 8(16.0) 20 (54.1)
Tear pattern 0.088
Crescent or L-shaped 47 (90.4) 26 (74.3)
U-shaped 5(9.62) 9(25.7)
Infraspinatus status 0.003*
Not torn 38 (70.4) 14 (36.8)
Torn 16 (29.6) 24 (63.2)
Subscapularis status 0.164
Not torn 44 (81.5) 26 (66.7)
Torn 10 (18.5) 13 (33.3)
Tendon retraction 0.077
No 20 (37.0) 7(17.9)
Yes 34 (63.0) 32(82.1)
Long head biceps tendon status 0.281
Normal 24 (46.2) 11(29.7)
Pathology 24 (46.2) 23(62.2)
Absent 4(7.7) 3(8.1)

Values are presented as mean + standard deviation or number (%).
CAL: coracoacromial ligament.
*Statistical significant at P < 0.05.
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Shoulders with severe CAL degenerative changes trended to-
ward U-shaped tears compared to shoulders with mild CAL
changes (25.7% vs. 9.6%), although this finding did not reach
statistical significance (P =0.088) (Table 2). Similarly, severe CAL
degeneration trended toward a higher likelihood of RCT tendon
retraction than shoulders with mild CAL changes (82.1% vs.
63.0%), although this too did not reach statistical significance
(P=0.077). The status of the subscapularis and long head biceps
tendon was not associated with severity of CAL degeneration.

Radiographically, patients in the severe attrition group were
more likely to have larger CSA measurements on preoperative
radiographs than those in the mild attrition group (36.1°+3.6°
[range, 30°-45°] vs. 34.1°+3.8° [range, 26°-45°], P=0.037). Dif-
ferences in Gin, AHD, LAA, Al and acromial morphology were
not significantly different between groups (Table 4).

DISCUSSION

CAL degeneration is commonly encountered during arthroscop-
ic rotator cuff repair. While the clinical relevance of CAL degen-
eration and the need to address it surgically are unclear, this
study serves as an early step in understanding the nature of this
arthroscopic finding. The present study suggests that age, RCT
size, and preoperative radiographic CSA measurement are asso-
ciated with CAL degeneration.

As may be expected with other degenerative changes in the
shoulder, patients with more severe CAL attrition were signifi-
cantly older than those with mild changes. Rothenberg et al. [5]
proposed that such age-dependent changes may be due to chron-
ic stress as well as cellular degradation, with subsequent thicken-
ing and stiffening contributing to capsular tightness, rotator cuff

pathology, and impingement. Furthermore, when combined with

Table 4. Radiographic variables associated with CAL degeneration

Variable Mild CA.L Severe CAL P-value
degeneration  degeneration

CSA (°) 341+3.8 36.1+3.6 0.037
Gin (°) 79.5%£53 78.1%£6.9 0.625
AHD (mm) 10.5+2.3 945+ 1.6 0.095
LAA (°) 80.7+£6.8 80.7+6.4 0.991
Al 0.7£0.1 0.7+0.1 0.343
Acromial morphology 0.884

Flat 4(16.0) 5(22.7)

Curved 19 (76.0) 16 (72.7)

Hooked 2(8.0) 1(4.6)

Values are presented as mean + standard deviation or number (%).
CAL: coracoacromial ligament, CSA: critical shoulder angle, Gin: gle-
noid inclination, AHD: acromiohumeral distance, LAA: lateral acromi-
on angle, Al: acromial index.
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radiographic analysis, Moor et al. [18] found that patients with
full-thickness RCTs were significantly older and had larger CSA
measurements than those with intact rotator cuffs. Despite this,
Ogata and Uhthoff [19] found no correlation between aging and
acromial undersurface degenerative changes in their cadaveric
study, postulating that RCTs are unlikely to be initiated by im-
pingement. However, these results by Ogata and Uhthoff [19]
were not replicated in our study; rather, we observed a correla-
tion between increased acromial undersurface changes and pa-
tient age.

Large RCTs were associated with increased severity of CAL de-
generation, as was the presence of infraspinatus tendon tearing.
In evaluating the relationship between CAL attrition and par-
tial-thickness RCTs, Kanatli et al. [8] found that only 4.1% of
shoulders with partial-thickness RCTs had grade 3 CAL degener-
ation, corroborating the idea that grade 3 changes likely exist
with concomitant full-thickness tears. Larger tears render a bare
greater tuberosity, which may contact the acromial undersurface
in abduction and lead to CAL tearing. Regarding tear location,
biomechanical cadaveric studies have previously emphasized the
importance of the posterosuperior cuff, where tear extension in-
volving the infraspinatus leads to altered force coupling and
shoulder joint mechanics, including superior humeral head
translation [20,21]. This may explain our finding that severe CAL
attrition is more likely to be associated with infraspinatus tearing,
given the potential for increased load on the CAL due to altered
biomechanics.

Among the radiographic measurements analyzed in our study,
only CSA had a statistically significant association with CAL
findings, with increased CAL degenerative changes having a
higher CSA. CSA incorporates lateral acromial extension and
Gin, and increased CSA has been associated with rotator cuff
tearing in several studies [12,18,22,23]. This has been theorized
to result from an increase in shear force from the vector of the
deltoid’s pull, which results in superior migration of the proximal
humerus and increased load of the rotator cuff [4,24]. This same
mechanism may increase the load on the coracoacromial arch
and CAL, contributing to increased attritional wear. Still, other
studies have called into question the association between CSA
and RCTs [25,26]. Kim et al. [27] recently suggested that RCTs
were associated more strongly with the presence of subacromial
osteophytes than with CSA measurement. Oh et al. [28] suggest-
ed that acromial spurring forms by traction of the CAL and is re-
lated to rotator cuff tearing. This could further support our find-
ing of the association between CAL attrition severity and increas-
ing RCT size.

This study methodology does have several limitations. Radio-
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graphic measurements are subject to inaccuracy due to factors
including beam projection and vector, and the position of the pa-
tient’s scapula can affect the overall quality of the AP shoulder
X-ray and influence measurements. In the absence of adequate
pre-existing data to support a true power analysis, we planned to
enroll a minimum of 80 patients. Because of this, nonsignificant
results may be influenced by type II error. Finally, given that only
the performing surgeon performed intraoperative CA ligament
grading and radiographic measurements, the inter-rater reliabili-
ty of CA ligament grading or radiographic measurement could

not be assessed.

CONCLUSIONS

While the CAL role in the coracoacromial arch as a load-bearing
stabilizer has been well-studied, both the clinical impact of CAL
degeneration and surgical role of acromioplasty and CAL release
remain uncertain. We found that increased severity of CAL de-
generation is associated with increased patient age, larger RCT
size, presence of infraspinatus tearing, and increased preopera-
tive CSA. Further studies are needed to guide clinical deci-
sion-making regarding the intraoperative management of RCTs
with concomitant CAL degeneration and tearing.
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