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The Coracoacromial Arch and Rotator Cuff Tendinopathy

Jonathan B. Ticker, M.D., and Louis U. Bigliani, M.D.

The coracoacromial arch is the superior lateral
extension of the scapula and is comprised of the
acromion, coracoacromial ligament, and coracoid
(Fig. 1). The arch superiorly and the proximal hu-
merus inferiorly serve as rigid boundaries for the
soft tissue contents of the subacromial space, which
includes the subacromial bursa, tendons of the ro-
tator cuff, and tendon of the long head of the biceps.
Each of the structures of the coracoacromial arch,
as well as inferior osteophytes of the acromioclav-
icular joint, has been implicated in the pathology of
inflammation of the subacromial bursa and tendin-
opathy of the rotator cuff. Their role in the etiology
of subacromial pathology, i.e., tears of the tendons
of the rotator cuff, as primary factors initiating me-
chanical wear on the underlying subacromial bursa
and rotator cuff tendons has been well outlined in
the literature (2,5,6,14,15,22,26,35,42,49,51-
53,57,59-61,71,73). This has been described as the
impingement syndrome by Neer, who isolated the
anterior one third of the acromion, including ante-
rior acromial spurs, as the principal offending struc-
ture of the coracoacromial arch (59,61) (Fig. 2). The
end result of repetitive friction and mechanical wear
by rigid structures on soft tissues is failure of these
soft tissues, which in this case is rupture of the
tendons of the rotator cuff and long head of the
biceps (51,53,59,61). Additional factors in the etiol-
ogy of rotator cuff pathology, including degenera-
tion of the tendons from overuse, aging (8,11,12,66,
67,84,87), vascular abnormalities (9,47,56,74,77,
80), and trauma (11,48,61), have been supported by
reports in the literature.

The development and function of the acromion is
unique in humans (34). Studies of human embryos
have demonstrated that the acromion is identifiable
by 5 or 6 weeks of gestation (3,45), and is composed
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of cartilage at birth (23,83). The centers of ossifica-
tion in the acromion, most often two, are the last to
present in the scapula, appearing during puberty or
adolescence (24), and usually fuse between 18 and
25 years of age (83). One variation that has been
well outlined is failure of these ossification centers
to fuse to each other, or to the spine of the scapula;
this is referred to as an unfused acromial epiphysis
or os acromiale. There are four different types of
unfused acromial epiphyses: pre, meso, meta, and
basi, progressing from anterior to posterior and re-
flecting greater involvement of the acromion. This
anomaly may be present in up to 8% of cases
(29,46), and is often bilateral (46). An unfused acro-
mial epiphysis has been reported in the literature to
be related to rotator cuff pathology (6,57).

ACROMIAL MORPHOLOGY

Hamilton, in 1875, noted that the acromial epiph-
ysis tended to unite with a ‘‘slight downward dis-
placement,’” and that this would limit motion only if
it was of such magnitude to ‘‘interfere with the up-
ward movements of the arm’’ (32). Differences in
the shape and slope of the acromion was described
as early as 1909 by Goldthwait (28). Neer reported
that variation in the shape and slope of the acromi-
on were important factors in the development of
subacromial pathology (60). Bigliani and colleagues
investigated the shape of the acromion and de-
scribed a pattern of morphologic variation with a
relation to full-thickness rotator cuff tears (3).

In this report (5), 140 shoulders from 71 elderly
human cadavers were evaluated. Based on lateral
radiographs of the acromion, three types of acromi-
al morphology were determined (Fig. 3). This in-
cluded the Type I, or flat, acromion found in 17% of
shoulders; the Type II, or curved, in 43%; and the
Type III, or hooked, in 39%. The same acromial
type was noted in both shoulders in 55% of cadav-
ers. The anterior acromial slope, or angle of incli-
nation, was found to be 13.1° for the Type I, 26.9°
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FIG. 1. A: Human cadaver specimen showing the relation between the coracoacromial arch and tendons of the rotator cuff and long head
of the biceps. B: With the humerus displaced inferiorly, the position of the supraspinatus tendon directly below the coracoacromial arch
can be appreciated. (A, acromion; B, long head of biceps tendon; C, coracoid; GT, greater tuberosity; S, supraspinatus tendon and
muscle.) White arrowheads define the leading edge of the coracoacromial ligament. (Reprinted, by permission, from Ticker JB, Bigliani
LU. Impingement pathology of the rotator cuff. In: Wilk KE, Andrews JR, eds. The athlete’s shoulder. New York: Churchill-

Livingstone, 1993:121-8.)

for the Type II, and 26.7° for the Type III acromi-
ons. A full-thickness rotator cuff tear was noted in
24% of shoulders; however, the Type III acromion
was present in 70% of these shoulders with full-
thickness rotator cuff tears, but the Type I was
present in only 3%. Furthermore, the angle of incli-
nation was significantly higher in the shoulders with
full-thickness rotator cuff tears (28.7°), compared

with the shoulders with intact rotator cuffs (22.7°).
In addition to the Type III acromion, anterior acro-
mial spurs were associated with full-thickness rota-
tor cuff tears. It is important, however, to distin-
guish between spurs, which are probably acquired,
and variations in the native architecture of the acro-
mion.

To examine the differences in acromial morphol-

FIG. 2. Anterior acromial
spur (white arrow) exposed af-
ter the acromial attachment of
the coracoacromial ligament
has been removed (A, acromi-
on; C, coracoid; GT, greater
tuberosity.)
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FIG. 3. Classification of acromial morphology. A: Type I, flat.
B: Type II, curved. C: Type III, hooked. (Reprinted, by permis-
sion, from Bigliani LU. Impingement syndrome: aetiology and
overview. In: Watson MS, ed. Surgical disorders of the shoul-
der. Edinburgh: Churchill-Livingstone, 1991:247-58.)

ogy in a clinical population, Morrison and Bigliani
evaluated the supraspinatus outlet view in 200 con-
secutive patients with various shoulder problems
(54). The incidence of acromial types correlated
quite closely with the anatomic study: 18% Type 1,
41% Type 11, and 41% Type III. In those patients
with a positive arthrogram, 80% had a Type III
acromion. In another group of 50 patients who un-
derwent open subacromial decompression, 6% had
aType I, 28% had a Type II, and 66% had a Type 111
acromion. Seventy percent of this symptomatic
group had a full-thickness rotator cuff tear. These
findings further established a correlation between
the Type III acromion and rotator cuff tears, and
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confirmed the importance of the supraspinatus out-
let radiographic view for evaluating the acromion.

Other investigators have evaluated the slope of
the acromion (1,17,88). Aoki and co-workers devel-
oped a technique for measuring the acromial slope
using the supraspinatus outlet view of the scapula
(1). Their investigations of bleached skeleton shoul-
ders revealed that a more horizontal acromial slope
may be associated with the presence of a spur and
narrowing of the supraspinatus outlet. These inves-
tigators then studied acromial slope in normal and
symptomatic individuals with stage II impingement
(2). When comparing these two populations, pa-
tients with stage Il impingement had a more hori-
zontal acromial slope. The relation of a more hori-
zontal acromion with anterior acromial spurs and
rotator cuff pathology has been reported, subse-
quently, by other authors (17,88).

In addition to acromial morphology and acromial
slope, other factors have been associated with im-
pingement of the rotator cuff. Several series, in-
cluding those involving overhead athletes, have
suggested that the coracoacromial ligament is a pri-
mary source of pathology in certain cases (10,35,39,
41,48,52,69,70). Coracoacromial ligament resec-
tion, without anterior acromioplasty, has consis-
tently provided pain relief, often with return to the
previous level of function (35,70). Impingement by
the coracoid on the subscapularis has also been de-
scribed (15,26,28,68). Although this may lead to
bursal and rotator cuff lesions, coracoid impinge-
ment should be distinguished from the much more
common form of impingement that typically begins
in the supraspinatus tendon. Many authors have de-
scribed the occurrence of inferiorly protruding os-
teophytes from the anterior aspect of the acromion
and the inferior aspect of the acromioclavicular
joint that may compromise the integrity of the ro-
tator cuff tendons when they pass below these
structures (5,42,59,61,71). Developmental prob-
lems, such as failure of fusion of the acromial epiph-
yses, may also alter the structure of the undersur-
face of the acromion and result in rotator cuff pa-
thology (6,46,57). In fact, this relation was outlined
by Smith in 1834 (79).

Although abnormalities of the coracoacromial
arch are clearly associated with rotator cuff tendi-
nopathy, other factors need to be considered. In
fact, any condition that leads to a decrease in the
volume of the subacromial space may initiate sub-
acromial pathology. In the case of acromial mor-
phology, Nasca found that high-angled acromions
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indeed decrease the subacromial space (58). Like-
wise, swelling of the tendons or the bursa in the
subacromial space, i.e., bursitis, can infringe upon
the volume of the subacromial space to such a point
that the soft tissues no longer pass freely under the
coracoacromial arch. In sports that require perfor-
mance of overhead motions, chronic overuse, al-
tered mechanics, or subtle instabilities can subject
the soft tissues to wear under the coracoacromial
arch (21,33,35,37-40,64,65,70,76,81,82,85). In addi-
tion, weakness of the dynamic stabilizers of the hu-
meral head may allow it to translate superiorly dur-
ing arm motion, thereby decreasing the subacromial
space, which could result in subacromial pathology.

SUBACROMIAL SPACE AND ARCHITECTURE
OF THE CORACOACROMIAL ARCH

The subacromial space has been evaluated by as-
sessing the interval between the acromion and hu-
meral head on anteroposterior radiographs and its
relation to rotator cuff tears (13,18,27,72,86) (Fig.
4A). Golding found the normal distance between
the acromion and the humerus on anteroposterior
radiographs in 150 cases to be between 7 and 13 mm
(27), whereas Cotton and Rideout noted this dis-
tance to range from 6 to 14 mm in 144 normal shoul-
ders (13). Both investigators concluded from their

evaluation of abnormal radiographs that a decrease
in the acromiohumeral interval was associated with
rotator cuff tears. These findings have been con-
firmed by other investigators (18,72,86). In addi-
tion, rupture of the long head of the biceps tendon
has been associated with subacromial impingement
(62) and a decrease in the acromiohumeral interval
(31).

Recent reports have demonstrated that in normal
shoulders the subacromial space decreases substan-
tially with arm elevation (7,20). It has also been
shown that contact does occur between the anterior
acromion and the rotator cuff tendons during arm
elevation in the cadaver model. In fact, this contact
has been shown to be greatest when the Type IIT
acromion is present; similar findings are suggested
by other investigators (7,16,20,36).

Neer and Poppen referred to the subacromial
space viewed from the lateral aspect of the scapula
as the supraspinatus outlet, through which the su-
praspinatus passes during arm motion (63). They
described the supraspinatus outlet radiograph, a lat-
eral radiograph in the plane of the scapula to create
the Y-scapular view, and confirmed the value of
this view when evaluating the space below the cor-
acoacromial arch (Fig. 4B). In addition, the su-
praspinatus outlet view has been used to assess the
acromial shape for preoperative planning, and to

FIG. 4. A: Anteroposterior radiograph of the scapula from a 29-year-old male patient demonstrating the bone-to-bone interval between
the acromion and humerus. B: Supraspinatus outlet radiograph of the same individual, with the Type II acromion, again demonstrating

the interval between the acromion and humerus.
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verify the adequacy of anterior acromioplasty in the
postoperative setting by comparing the acromial
morphology obtained from surgery with the preop-
erative morphology (19,25,55,69).

In addition to studies specifically evaluating the
shape and slope of the acromion, recent investiga-
tions evaluating the structure of the entire coraco-
acromial arch have been performed (17,50,75,86).
Mallon et al. performed measurements from radio-
graphs of 28 scapulas from patients 52 years of age
or older (50). In addition to other parameters iden-
tified, they found that the anterior tip of the acro-
mion is always posterior to the center of the glenoid
with the scapula tilt at neutral, and is on average 5.2
+ 5.1 mm posterior to the center of the glenoid.
They also noted that height from the top of the glen-
oid to the most anterior margin of the acromion
measured 18.5 = 6.8 mm with the scapula in neu-
tral, which provides a guide for the height of the
supraspinatus outlet. Edelson and Taitz reported
from their observations of 200 scapulas that a higher
coracoacromial arch was associated with less de-
generative changes on the undersurface of the acro-
mion (17).

Zuckerman and co-workers used 140 shoulders in
70 elderly human cadavers to study the relation of
the coracoacromial arch to full-thickness rotator
cuff tears (88). They also noted that the anterior
acromion was usually posterior to the center of the
glenoid. However, in shoulders with full-thickness
rotator cuff tears, the acromion projected more an-
teriorly and the coracoacromial ligament was
shorter than these measurements from the intact
shoulders. In addition, there was a direct relation
between acromions with a more horizontal slope
and full-thickness rotator cuff tears. These authors
observed a significant decrease in the supraspinatus
outlet area of 22.5% in shoulders with full-thickness
rotator cuff tears. They emphasized this point as it
correlated with their other findings, and this high-
lights the concept that decrease in the volume of the
subacromial space is a factor in rotator cuff tendi-
nopathy. Although they did not evaluate acromions
by type, itis likely that the Type II, curved, or Type
ITI, hooked, acromions would decrease the su-
praspinatus outlet area, using their method of mea-
surement.

ROTATOR CUFF TENDINOPATHY

Rotator cuff tendinopathy occurs as part of the
spectrum of pathology observed in the impingement
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syndrome. The impingement syndrome as outlined
by Neer is divided into three stages, although this
represents a continuum of progression from normal
to pathologic changes and tendon failure (60,61).
Initially, in stage I, there is edema and hemorrhage
of the subacromial bursa, and it is reversible with
conservative treatment. With continued insult to
these soft tissues, the changes of stage Il develop,
including fibrosis and tendinitis.

Without intervention at this point, either rest and
nonoperative modalities or operative treatment,
progression to stage III may result. This can present
as partial-thickness (incomplete) tear or full-
thickness (complete) tear of the rotator cuff. Asso-
ciated pathologic changes in the acromion and the
acromioclavicular joint may be present, as well as
fraying or rupture of the long head of the biceps
tendon. The region of the rotator cuff that is initially
affected is in the supraspinatus tendon ~1 cm prox-
imal to its insertion in the greater tuberosity, and
this was referred to as the critical area by Codman
(11). With continued insult, the infraspinatus, teres
minor, and/or subscapularis tendons may rupture.
In the general population, most individuals will not
progress to stage I1I earlier than 40 years of age (4).
However, in the athletic population, especially
those in sports which require overhead motion, an
individual may progress through each stage more
rapidly. As a result, such patients may present with
pathology at an earlier age.

Numerous reports in the literature have deter-
mined the incidence of rotator cuff tendinopathy,
primarily from elderly autopsy and cadaver speci-
mens (5,12,30,43,44,66,67,71,78,84,87,88). Grant,
in 1948, found an 18.9% incidence of full-thickness
rotator cuff tears in 190 cadaver shoulders, with
44.0% of the cadavers with tears demonstrating this
bilaterally (30). He noted an increased incidence
with age, as 13.5% of specimens <66 years old had
a rotator cuff tear, whereas 41.9% =67 years old
had a tear. Zuckerman et al. reported a 20.0% inci-
dence of full-thickness rotator cuff tears in their se-
ries of 140 cadaver shoulders, with 47.4% of the
cadavers with tears having this finding bilaterally
(88). They also found a greater incidence of full-
thickness rotator cuff tears as age increased. Keyes
found a 13.4% incidence in 142 shoulders, of which
26.3% were bilateral. He observed an increased in-
cidence with age, but no difference by sex or race
(43). Wilson and Duff noted an incidence of 16.7%
in 216 shoulders from a population of cadaver and
autopsy specimens >30 years of age, of which




CORACOACROMIAL ARCH AND ROTATOR CUFF TENDINOPATHY 13

33.3% were bilateral (87). However, they found no
difference in the incidence of full-thickness rotator
cuff tears with aging. Bigliani and co-workers re-
ported a 23.6% incidence in 140 shoulders, with
37.5% bilateral (5). Other series of cadaver and au-
topsy shoulder specimens describing the incidence
of full-thickness rotator cuff tears include those of
Codman and Akerson (39.0% with 35.9% bilateral)
(12), Skinner (6.0%) (78), Petersson and Gentz
(12.9%) (71), Uhthoff et al. (19.9%) (84), Ozaki et al.
(13.5%) (67), Ogata and Uhthoff (25.0%) (66), and
Kolts (16.2%) (44). For all these series combined,
332 full-thickness rotator cuff tears occurred in
1,817 left and right shoulders, for an overall inci-
dence of 18.3%. Some of these series also reported
the incidence of partial-thickness rotator cuff tears
(66,67,71,84,87). When these were combined, the
overall incidence for partial-thickness rotator cuff
tears was 28.1% in 253 of the 900 left and right
shoulders. Thus, a substantial portion of the elderly
population appears to have pathology of the rotator
cuff.

CONCLUSIONS

Information regarding the anatomy and morphol-
ogy of the coracoacromial arch, especially the acro-
mion, has contributed to our understanding of rota-
tor cuff tendinopathy. Variations in the architecture
of the coracoacromial arch have been shown to al-
ter the volume of the subacromial space. Decrease
in this volume by any number of factors can result
in the initiation of the impingement syndrome. An
important goal of surgical procedures that address
rotator cuff pathology is to increase the space be-
neath the coracoacromial arch to reduce impinge-
ment.
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