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Anterior Acromial Anatomy: Relevance to Arthroscopic
Acromioplasty

Andrew Green, M.D., Sean Griggs, M.D., and Daniel Labrador, B.A.

Purpose: To evaluate the effect of arthroscopic acromioplasty on the anterior deltoid origin. Type
of Study: In vitro cadaveric histologic study. Methods: We performed a histologic evaluation of the
anterior aspect of 15 acromions, the parameters of the anatomy of the anterior acromion, including
the deltoid origin, and the morphology of the acromion. A simulated arthroscopic acromioplasty was
performed and the effect on the anterior deltoid origin was determined. Results: Resection of 4 mm
of bone from the underside of the acromion resulted in release of 56% (� 11%), and resection of 5.5
mm of bone resulted in 77% (�15%) release of the deltoid origin. The amount of deltoid released
correlated statistically with both the thickness of the acromion and the acromial angle (P � .0001 and
P � .04). Conclusions: These findings show that arthroscopic acromioplasty can cause substantial
injury to the deltoid origin, that this effect is related to acromial anatomy, and that preoperative
planning may help to reduce the risk of excessive deltoid origin release. Clinical Relevance:
Consideration of acromial anatomy is required to avoid deltoid detachment when performing
arthroscopic acromioplasty. Key Words: Acromion—Acromioplasty—Impingement syndrome—
Shoulder arthroscopy.
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mpingement syndrome and rotator cuff tearing are
common causes of shoulder pain and disability.1-3

odman4 described the relevant subacromial pathol-
gy in the 1930s and theorized that the “supraspinatus
yndrome” was chronic supraspinatus tendinitis and
ubdeltoid bursitis caused by compression of the ten-
on and bursa against the acromion during mid-range
bduction. The belief that the entire acromion was
nvolved led to recommendations of lateral and radical
cromionectomy as definitive surgical treatment for
he supraspinatus syndrome.5,6

In 1972, Neer2 emphasized the role of the anterior
cromion in rotator cuff disorders and described anterior
cromioplasty as a surgical treatment for chronic im-
ingement syndrome.2,3 Subsequently, open anterior ac-
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omioplasty became the treatment of choice for chronic
mpingement syndrome and is a major component of
otator cuff repair procedures.3,7-9 Numerous studies re-
ort the successful results of open anterior acromio-
lasty.2,3,7-9

Several studies reported correlations between acromial
orphology and the extent of rotator cuff tearing.
igliani et al.10 first described 3 types of acromion (Fig
). Subsequently, Morrison and Bigliani11 reported a
linical correlation between acromial type and rotator
uff tearing. In later studies, Toivonen et al.12 defined the
cromial angle (Fig 2) and reported a positive correlation
etween increased acromial angle and rotator cuff tear-
ng. In addition, Banas et al.13 described the lateral ac-
omion angle determined from magnetic resonance im-
ges of the shoulder and reported a strong correlation
ith the extent of rotator cuff tearing.
More recently, arthroscopic acromioplasty has re-

laced open acromioplasty as the preferred treatment for
mpingement syndrome.14-21 Ellman15 presented the first
linical results of arthroscopic acromioplasty in 1985.
ariations of his original technique have been developed

nd popularized.22,23 The goal of arthroscopic acromio-

lasty is to remove bone from the undersurface of the
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1051ANTERIOR ACROMIAL ANATOMY
nterior acromion so as to decompress the subacromial
pace and reduce contact of the acromion against the
otator cuff.24

Among the several advantages of arthroscopic ac-
omioplasty are enhanced visualization of the gleno-
umeral joint and subacromial space, reduced surgical
orbidity, and accelerated rehabilitation. Arthro-

copic acromioplasty theoretically preserves the integ-
ity of the deltoid origin. Neer and Marberry25 previ-
usly highlighted the problems of excessive
cromioplasty or total acromionectomy including del-
oid dehiscence and shoulder weakness. Nevertheless,
ew studies have examined the effect of arthroscopic
cromioplasty on the deltoid origin. Recently, Torpey
t al.26 found that a substantial portion of the deltoid
rigin is released by arthroscopic acromioplasty but
id not find a correlation with acromial morphology.
The goal of our study was to evaluate the effect of

IGURE 1. Diagram of acromial types: (A) type I, (B) type II, and
C) type III.
rthroscopic acromioplasty on the deltoid origin and
o determine if parameters of acromial anatomy con-
ribute to this effect. We hypothesized that the size
nd shape of the acromion has an effect on the extent
f detachment of the deltoid origin that might occur as
result of arthroscopic acromioplasty.

METHODS

Fifteen embalmed cadaver shoulders from elderly
ndividuals, 7 pairs and 1 single shoulder, were ob-
ained for this study. The scapular spine was osteoto-
ized at the spinoglenoid notch and the acromion was

arvested with all attached soft tissue, including the
eltoid muscle and coracoacromial ligament. Plain
adiographs of the acromion were obtained in an axial
rojection and tangential to the plane of the acromion
a simulated outlet view).3,27 The gross anatomy of the
otator cuff, on the bursal and articular sides, was
ssessed visually and any tearing was documented.
one of the shoulders had glenohumeral osteoarthritis
r an os acromiale.
Excess soft tissue was trimmed from the specimens.

he origin of the deltoid and the attachment of the
oracoacromial ligament were preserved. The speci-
ens were decalcified in 50% formic acid solution

nd sodium citrate and then embedded in paraffin. The
FIGURE 2. Diagram of acromial angle O.



a
t
t
w
s
s
a
t

s
a
l
s
s
t
a
c

c
4
t
m
b
o
d

R

b
a
s
a
s
v
r
a

S

d
o
T
o
w
P

(
h
g
2
t
I
w
t
o

o
(
a
F
o

F
m
o
s

F
a
o
u

F
b

1052 A. GREEN ET AL.
cromion were cut atraumatically along the midsagit-
al axis. Serial microtome sections were made along
he midsagittal axis, mounted on slides, and stained
ith Trichrome blue (Fig 3). The sections were

canned using a color video camera and light micro-
cope. The captured images were then visualized and
nalyzed using NIH Image software (National Insti-
utes of Health, Bethseda, MD).

Anatomic and geometric parameters of the histologic
pecimens were evaluated (Fig 4). The origin of the
nterior deltoid and the attachment of the coracoacromial
igament were determined by analyzing the histologic
pecimens. Acromial angles were determined as de-
cribed by Bigliani et al.27 Also assessed were acromial
hickness, length of the arc of the anterior deltoid origin,
nd the linear thicknesses of the deltoid origin and cora-
oacromial ligament insertion.

Arthroscopic acromioplasty was simulated on the
omputer-captured images with acromial resection of
.0 and 5.5 mm and was based on standard surgical
echniques15,16,22 (Fig 5). The deltoid muscle detach-

ent produced by the acromioplasty was assessed
oth as a percentage of the length of the arc of the
rigin and as a percentage of the thickness of the
eltoid origin.

IGURE 3. Histologic specimen of midsagittal section of an acro-
ion. The deltoid muscle is stained brownish red and the deltoid

rigin is blue (short arrows). The coracoacromial ligament is
tained blue (long arrow).

IGURE 4. Schematic representation of histologic specimen of an
cromion (AM, coracoacromial ligament attachment; MB, deltoid

rigin arc; AB, anterior acromial thickness; t, thickness of peak of
ndersurface concavity).
ationale for Experimental Design

Acromial resection of 4.0 and 5.5 mm was selected
ecause these are typical diameters of commercially
vailable arthroscopic burs. This amount of bone re-
ection was also chosen because it approximates the
mount of bone removal required to flatten the under-
urface of the anterior acromion. Colman et al.24 pre-
iously determined that flattening of the anterior ac-
omial undersurface occurs with removal of 5.4 mm of
cromial bone.

tatistical Methods

The correlations between the amount of deltoid
etachment and the parameters of acromial morphol-
gy were determined using linear regression analysis.
he paired t test showed that the measured parameters
f paired specimens were not statistically similar, and
ere thus considered as individual specimens;
� .05 was considered statistically significant.

RESULTS

Rotator cuff tearing was identified in 12 shoulders
80%); 6 (40%) had full-thickness tearing and 6 (40%)
ad partial-thickness tearing. The mean acromial an-
le was 20° (range, 5.3° to 31°). This corresponded to
type I, 12 type II, and 1 type III acromion. Based on

he radiographic analysis, there were no type I, 11 type
I, and 4 type III acromion. Using the available data,
e could not show a statistically significant correla-

ion between acromial type and the presence or extent
f rotator cuff tearing.
The average thickness of the acromion at the peak

f the undersurface concavity (t in Fig 4) was 5.5 mm
range, 3.4 to 6.6 mm) and the average thickness at the
nterior aspect (vertical distance between A and B in
ig 4) was 7.4 mm (range, 4.7 to 9.4 mm). The ratio
f this thickness was 0.75 (0.64 to 1.09).

IGURE 5. Simulated arthroscopic acromioplasty with 5.5 mm of
one resection.
The average linear thickness of the deltoid origin
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1053ANTERIOR ACROMIAL ANATOMY
vertical distance between M and B in Fig 4) was 5.4
m (range, 3.8 to 6.8 mm). This represented 74%

range, 43% to 88%) of the anterior acromion. The
ength of the arc of the deltoid origin (MB in Fig 4)
ttachment was 8.8 mm (range, 5.9 to 11.5 mm). On
verage, the thickness of the coracoacromial ligament
ttachment to the anterior acromion (vertical distance
etween A and M in Fig 4) was 2.0 mm (range, 0.8 to
.1 mm).
There was considerable variation in the extent of

eltoid detachment that occurred with the simulated
cromioplasty. When 4 mm of bone was resected, a
ean of 55.9% (�11%) of the deltoid origin was

etached. When 5.5 mm of bone was resected, a mean
f 75.7% (�15%) of the deltoid origin was detached.
The extent of deltoid detachment was highly corre-

ated with the anterior acromial thickness (P � .0001).
he extent of deltoid detachment was inversely related

o the acromial angle (P � .04). That is, when the
cromial angle is larger, presumably due to greater
purring, a smaller percentage of the deltoid origin is
etached. The worst-case scenario would be a thin, flat
cromion, and the best case (least deltoid detachment)
ccurs when the acromion is thick and curved (type II
r III).

DISCUSSION

Current surgical treatment of impingement syn-
rome (and rotator cuff tear if present) is arthroscopic
ubacromial decompression (and open, mini-open, or
rthroscopic rotator cuff tear when indicated). In the-
ry, a properly performed arthroscopic acromioplasty
hould preserve the deltoid origin. This would pre-
umably allow an accelerated rehabilitation program
nd earlier return to functional activities.

These advantages of arthroscopic acromioplasty,
owever, do not preclude potential problems. In this
tudy we analyzed the effect of a simulated arthro-
copic acromioplasty on the deltoid origin. Torpey et
l. recently addressed this issue.26 In their study, they
ound that a 4-mm resection released 41% of the direct
eltoid origin and that a 6-mm resection released 69%.
owever, their study did not find a correlation be-

ween acromial size and morphology with the extent
f deltoid detachment.
Similarly, our study found that a simulation of the

tandard arthroscopic acromioplasty can detach a
arge portion of the deltoid origin. However, in con-
rast to Torpey et al., when using a simulation of the
ecommended technique of arthroscopic acromio-

lasty, we were able to show a significant correlation a
etween the anatomic parameters of acromial thick-
ess and acromial angle with the extent of deltoid
etachment. The latter finding is consistent with our
linical experience and belief that acromial spurring
ften accounts for increased anterior acromial thick-
ess, occurs within the coracoacromial ligament, and
oes not originate along the deltoid origin.
The clinical relevance of anterior deltoid detach-
ent resulting from arthroscopic acromioplasty has

ot been determined. Based on our clinical experience
nd the findings of this study, we hypothesize that a
houlder with a thick, angled, and spurred acromion
ould be more likely to develop impingement syn-
rome and rotator cuff pathology. Assuming that spur-
ing of the anterior edge of the acromion would lead to
n increased acromial angle, a smaller percentage of
he deltoid origin would be detached from an acro-
ion with true primary outlet impingement from de-

enerative acromial spurring. This type of acromion
hould be more representative of the typical case of
mpingement that undergoes surgery. Shoulders with a
hin and flat acromion would be unlikely to develop
rue coracoacromial outlet impingement syndrome
nd thus would not warrant treatment with a subacro-
ial decompression. In this case, a cause for second-

ry impingement should be sought and treated accord-
ngly.

Extensive deltoid detachment may significantly af-
ect deltoid strength and could lead to deltoid avul-
ion. Although relevant in all cases, our finding may
e most relevant when subacromial debridement and
ecompression are performed to treat massive rotator
uff tearing. Patients with rotator cuff deficiency are
ore dependent on deltoid function and thus would be

t greater risk of loss of function if the deltoid origin
ere excessively detached.
Our study does have limitations. We do not know

he effect of aging on acromial morphology. If acro-
ial morphology changes with advancing age, then

he findings derived from our study of elderly shoul-
ers might not be relevant to patients who tend to be
ounger. If advancing age is associated with more
evere undersurface anterior acromial prominence, as
ould be found in the type II and III acromion and in

he acromion with a greater acromial angle, then ex-
rapolation of our findings to a younger population
ight indicate an even more severe effect on the

eltoid origin.
The present study shows that the effect of arthroscopic

cromioplasty on the integrity of the deltoid origin can
e extensive. Our results contradict those of Torpey et

l.,26 who did not find a correlation between deltoid
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1054 A. GREEN ET AL.
etachment and acromial morphology. The effect of
erforming an arthroscopic subacromial decompression
n an acromion that does not show significant degener-
tive spurring should be considered carefully in the treat-
ent of impingement syndrome and should not be used

f the pathology leading to impingement is secondary,
uch as that seen with posterior capsular tightness or
ther causes of secondary impingement. Preoperative
lanning with an adequate outlet radiograph is essential
o avoiding complications of the deltoid origin and to
nsure that the pathology being addressed is true primary
mpingement.

REFERENCES

1. Fu FH, Harner CD, Klein AH. Shoulder impingement syn-
drome: A critical review. Clin Orthop 1991;269:162-173.

2. Neer CS II. Anterior acromioplasty for the chronic impinge-
ment syndrome in the shoulder: A preliminary report. J Bone
Joint Surg Am 1972;54:41-50.

3. Neer CS II. Impingement lesions. Clin Orthop 1983;73:70-77.
4. Codman EA. The shoulder, rupture of the supraspinatus ten-

don and other lesions in or about the subacromial bursa.
Boston: Thomas Todd, 1934.

5. Armstrong JR. Excision of the acromion in treatment of the
supraspinatus syndrome: Report of ninety-five excisions.
J Bone Joint Surg Br 1949;31:436-442.

6. Hammond G. Complete acromionectomy in the treatment of
chronic tendinitis of the shoulder. A follow-up of ninety op-
erations of eighty-seven patients. J Bone Joint Surg Am 1971;
53:173-180.

7. Hawkins RJ, Brock RM, Abrams JS, Hobeika P. Acromio-
plasty for impingement with an intact rotator cuff. J Bone Joint
Surg Br 1988;70:795-797.

8. McShane RB, Leinberry CF, Fenlin JM Jr. Conservative open
anterior acromioplasty. Clin Orthop 1987;223:137-144.

9. Rockwood CA, Lyons FR. Shoulder impingement syndrome:
Diagnosis, radiographic evaluation, and treatment with a mod-
ified Neer acromioplasty. J Bone Joint Surg Am 1993;75:409-
424.

0. Bigliani LU, Morrison DS, April EW. The morphology of the

acromion and its relationship to rotator cuff tears. Orthop
Trans 1986;10:228.
1. Morrison DS, Bigliani LU. The clinical significance of varia-
tions in acromial morphology. Orthop Trans 1987;11:234.

2. Toivonen DA, Tuite MJ, Orwin JF. Acromial structure and
tears of the rotator cuff. J Shoulder Elbow Surg 1995;
4:376-383.

3. Banas MP, Miller RJ, Totterman S. Relationship between the
lateral acromion angle and rotator cuff disease. J Shoulder
Elbow Surg 1995;4:454-461.

4. Altchek DW, Warren RF, Wickiewicz TL, Skyhar MJ, Ortiz
G, Schwartz E. Arthroscopic acromioplasty: Technique and
results. J Bone Joint Surg Am 1990;72:1198-1207.

5. Ellman H. Arthroscopic subacromial decompression: A pre-
liminary report. Orthop Trans 1985;9:43.

6. Ellman H. Arthroscopic subacromial decompression: Analysis
of one- to three-year results. Arthroscopy 1987;3:173-181.

7. Gartsman GM. Arthroscopic acromioplasty for lesions of the
rotator cuff. J Bone Joint Surg Am 1990;72:169-180.

8. Gartsman GM, Blair ME, Noble PC, Bennett JB, Tullos HS.
Arthroscopic subacromial decompression: An anatomical
study. Am J Sports Med 1988;16:48-50.

9. Norlin R. Arthroscopic subacromial decompression versus
open acromioplasty. Arthroscopy 1989;5:321-323.

0. Paulos LE, Franklin JL. Arthroscopic shoulder decompression
development and application. A five year experience. Am J
Sports Med 1990;18:235-244.

1. Speer KP, Lohnes J, Garrett WE. Arthroscopic subacromial
decompression: Results in advanced impingement syndrome.
Arthroscopy 1991;7:291-296.

2. Sampson TG, Nisbet JK, Glick JM. Precision acromioplasty in
arthroscopic subacromial decompression of the shoulder.
Arthroscopy 1991;7:301-307.

3. Ogilvie-Harris DJ, Demaziere A, Fitsialos D, Stevens JK.
Arthroscopic acromioplasty: The superiority of the posterior
portal over the lateral portal. Orthop Clin North Am 1993;24:
153-159.

4. Colman WW, Kelkar R, Flatow EJ, et al. The effect of anterior
acromioplasty on rotator cuff contact: An experimental and
computer simulation. J Shoulder Elbow Surg 1996;5:58-59.

5. Neer CS II, Marberry TA. On the disadvantages of radical
acromionectomy. J Bone Joint Surgery Am 1981;63:416-419.

6. Torpey BM, Ikeda K, Wang M, van der Heeden D, Chao EYS,
McFarland EG. The deltoid muscle origin: Histologic charac-
teristics and effects of subacromial decompression. Am J
Sports Med 1998;26:379-383.

7. Bigliani LU, Ticker JB, Flatow EL, Soslowsky LJ, Mow VC.
The relationship of acromial architecture to rotator cuff dis-

ease. Clin Sports Med 1991;10:823-838.


	Anterior Acromial Anatomy: Relevance to Arthroscopic Acromioplasty
	METHODS
	Rationale for Experimental Design
	Statistical Methods

	RESULTS
	DISCUSSION
	REFERENCES


