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ABSTRACT

Nine fresh-frozen, human cadaveric shouiders were el-
evated in the scapular plane in two different humeral
rotations by applying forces along action lines of rotator
cuff and deltoid muscles. Stereophotogrammetry deter-

mined possibie regions of subacromial contact usinga -

proximity criterion; radiographs measured acromio-
humeral interval and position of greater tuberosity. Con-
tact starts at the anterolateral edge of the acromion at
0° of elevation; it shifts medially with arm elevation. On
the humeral surface, contact shifts from proximal to dis-
tal on the supraspinatus tendon with arm elevation.
When external rotation is decreased, distal and poste-
rior shift in contact is noted. Acromial undersurface and
rotator cuff tendons are in closest proximity between
60° and 120° of elevation; contact was consistently
more pronounced for Type I acromions. Mean acro-
miohumeral interval was 11.1 mm at 0° of elevation and
decreased to 5.7 mm at 90°, when greater tuberosity
was closest to the acromion. Radiographs show bone-
to-bone relationship; stereophotogrammetry assesses
contact on soft tissues of the subacromial space. Con-
tact centers on the supraspinatus insertion, suggesting
altered excursion of the greater tuberosity may initially
damage this rotator cuff region. Conditions limiting ex-
ternal rotation or elevation may also increase rotator
cuff compression. Marked increase in contact with Type
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lll acromions supports the role of anterior acromioplasty
when clinically indicated, usually in older patients with
primary impingement.

The bursa and insertion of the supraspinatus on the
greater tuberosity must repeatedly pass underneath the
acromion with the arm in varying degrees of elevation and
rotation during forceful overhead activity. Impingement of
the rotator cuff and bursa by the coracoacromial arch is a
common disorder in the shoulder.?%2*253° Subacromial bur-
sitis as well as rotator cuff tendinitis and tears can result,
leading to pain, weakness, and diminished athletic per-
formance. Meyer!® implicated mechanical attrition under
the acromion in the pathogenesis of rotator cuff lesions.
Neer? hypothesized that variation in acromial slope and
morphology were clinically relevant, and Bigliani and co-
workers? demonstrated a relationship between acromial
morphology and the incidence of rotator cuff tears in ca-
davers. The treatment of older patients with this type of
impingement lesion by anterior acromioplasty and rotator
cuff repair when needed has been highly effective.!! In the
younger athletic shoulder, diagnosis of impingement and of
associated injuries is more complex, and treatment regi-
mens including surgery have been less effective.!” Several
factors have been associated with impingement lesions in
the shoulder, including abnormal acromial morphol-
ogy,»*? intrinsic rotator cuff failure or tendinitis,?** and
altered glenohumeral kinematics (e.g., instability).}” Un-
fortunately, little or no quantitative data exist concerning
normal patterns of contact between the acromion and the
underlying cuff tissues and greater tuberosity, or abnormal
contact patterns created by impingement. Such informa-
tion is essential for proper diagnosis and treatment of
impingement, especially in the athlete.
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Clinical tests for subacromial impingement frequently
involve eliciting pain with elevation of the arm, accentu-
ated with internal rotation; however, information concern-
ing when, where, and how much contact occurs with such
maneuvers is unavailable. Furthermore, anterior acromio-
plasty is a recognized treatment for symptomatic impinge-
ment.*?23 Better knowledge of which regions of the ac-
romion are responsible for contact on the underlying
rotator cuff might improve the rationale for and help
optimize the technique of this procedure.

The acromiohumeral interval assesses acromion to hu-
merus distance, rather than acromion to the rotator cuff
tendon, and is measured on radiographs, which are two-
dimensional images of the three-dimensional acromiohum-
eral relationship.”%2%4* Furthermore, radiographic and
other imaging techniques are generally performed at 0° of
elevation rather than positions where impingement is
clinically observed. In the current study, an optical stereo-
photogrammetry technique®® is used to determine the
contact areas at the subacromial articulation.?® Range of
motion is produced in vitro by simulation of the coordinated
actions of the four rotator cuff muscles and three heads
(anterior, middle, and posterior) of the deltoid muscle,
without disrupting the integrity of the bursa or glenohu-
meral joint capsule. The clinical value, as well as the limi-
tations, of radiographs were assessed by comparing the
three-dimensional maps obtained using the stereophoto-
grammetric technique with measurements of acromiohum-
eral distances on high-quality, standardized radiographs of
the cadaveric shoulder in corresponding positions.

MATERIALS AND METHODS

Specimens and specimen preparation

Nine fresh human cadaveric shoulders (average age, 73
years) were used in this study. Standard AP and lateral ra-
diographs in the plane of the scapula were obtained of each
specimen in 0° of elevation, and only shoulders without evi-
dence of arthritis, fractures, or other abnormalities were used
in this study. Specimens were stored at —20°C until the day
before testing. Each specimen was thawed overnight at room
temperature in preparation for dissection. Subsequently,
each specimen was dissected free of all soft tissue, leaving
intact only the deltoid, rotator cuff tendons, glenohumeral
joint capsule, and the coracoacromial and coracohumeral liga-
ments. Specimens with rotator cuff tears were excluded. Dur-
ing storage, dissection, preparation, and testing, each speci-
men was preserved in gauze moistened with physiologic
Ringer’s solution containing protease inhibitors to retard
specimen dehydration and degradation.

The tendinous insertion of each rotator cuff muscle was
exposed by dissection. Because the infraspinatus and teres
minor muscles have similar functions, and because they
share adjacent insertion sites, a single line of action for
their resultant force was used. Loads were applied onto the
tendinous insertions of the supraspinatus, subscapularis,
and infraspinatus and teres minor muscles via a sutured
loop made of high tensile strength woven Dacron. Flexible
cables were fastened to the Dacron loops, and each
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cable was positioned through the center of each muscle’s
physiologic cross-sectional area.

Dissection of the deltoid muscle allowed isolation of its
anterior, middle, and posterior heads, including their as-
sociated origins and insertions. The deltoid muscle was
subsequently resected, and bolts were placed through the
humeral shaft cortex at each of the three insertion sites
(Fig. 1). An eye screw was fixed to the coracoid at the origin
of the anterior deltoid at the clavicle. Eye screws were also
placed in the lateral acromial edge and the scapular spine
to establish the line of action of the middle and posterior
deltoid muscles, respectively. Flexible cables were at-
tached to the humeral cortical bolts and threaded through
their corresponding eye screws to simulate the force acting
on each of the three deltoid heads (Fig. 1). Finally, each of
the six cables, simulating the deltoid heads and rotator cuff
muscles, were attached to a turnbuckle in series with a
calibrated spring scale.

Specimen positioning

A Kirschner wire was used as a reference for humeral shaft
rotation. The wire was placed distal to the deltoid tuber-
osity and parallel to the condylar axis before the resection
of the humeral condyle. The lower third of the scapula was
then embedded with 20° of anterior tilt and the medial bor-
der vertically aligned to approximate the anatomic orien-
tation. Codman’ noted that maximum elevation of the arm
can only be achieved at a fixed degree of external rotation.
Therefore, to obtain subacromial contact over the largest
possible range of elevation, each humerus was manually
elevated to determine the unique (individual) degree of ex-
ternal rotation for each shoulder that would allow for maxi-
mum elevation of the arm. This angle of rotation, measured
between the scapular plane and the epicondylar axis, was
defined as the “starting rotation” and averaged 40° *+ 8° of
external rotation for the specimens in the current study.
The ranges of applied muscle loads were predetermined
and selected based on clinical, anatomic (physiologic

Figure 1. Humeral elevation and rotation were achieved by
simulated muscle forces. The rotator cuff tendons were sewn
to woven Dacron strips, to which tensile loads were applied,
and the three heads (anterior, middle, and posterior) of the
deltoid muscle were simulated through cables along their line
of actions.
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cross-sectional area), mechanical (lever arms), and electro-
myographic data.?”3® Thus, loading each muscle insured
position control of the humerus, yielding a physiologically
reasonable solution for the statically indeterminate prob-
lem.3%:38 The starting rotation, as defined above, was main-
tained while the arm was elevated in the scapular plane by
coordinating the cable tensions of each muscle. For the ste-
reophotogrammetric studies, the arm was elevated in 30°
increments from 0° until maximum elevation was attained.
The arm was also elevated in the scapular plane at a hu-
meral rotation 20° internally rotated from the starting ro-
tation. To simulate arm weight, a 3.2-kg mass was attached
at a fixed distance from the center of rotation of the hu-
meral head. The scapulothoracic motions contributing to
total arm elevation were determined from previous stud-
ies.’*122® To compensate for the fixed scapula, the line of
action of the force applied to the humerus to simulate arm
weight (and the direction of gravity) was adjusted to reflect
physiologic scapular tilt through the range of arm eleva-
tion.'*1%2° This procedure results in an equivalent situa-
tion to rotating the scapula but is experimentally much
simpler.

Stereophotogrammetry

Stereophotogrammetry is defined as the science of obtain-
ing precise dimensional measurements of an object using
mathematical computations through the process of record-
ing, measuring, and interpreting pairs of photographic im-
ages. A mathematical model is then constructed to repre-
sent relations between points in three-dimensional space
and their corresponding two-dimensional images on the
photographs. This procedure might be thought of as analo-
gous to the process by which the human brain processes
two images, one from each eye, to obtain depth perception.
Stereophotogrammetry is used for many applications. One
common method of mapping the surface contour of the
earth uses photographs of an area taken with a precision
camera mounted on an airplane flying over the region of
interest. In the current study, this procedure is applied to
the determination of contact areas in the subacromial
space, as will be described below.

The stereophotogrammetric method was used to deter-
mine the subacromial contact areas.’®3° To do this, a semi-
circular set of seven precision optical alignment targets
was rigidly fixed to the proximal humerus, and another set
fixed to the acromion using threaded Steinmann pins and
polymethylmethacrylate. Each instrumented shoulder
specimen was then placed within a custom-built calibra-
tion frame, and a stereogram (pair of convergent photo-
graphs) was taken of the two sets of targets using a large-
format camera at each shoulder position of the experiment
(Fig. 2).

Each shoulder specimen was disarticulated after testing
through the full range of motion as described above. Sub-
sequently, each portion of the dissected joint was placed
within the calibration cage, and a fine optical grid was
projected onto the articular surface to provide recognizable
surface points for digitization. Similar stereograms were
made of the undisturbed rigidly fixed optical targets and
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Figure 2. A, three rigid sets of optical alignment targets are
affixed to the shoulder, one each to the proximal humerus,
scapula (not used for this study), and acromion. The shoulder,
positioned by simulated muscle forces, is placed in a calibra-
tion frame. B, stereograms of the shoulder, targets, and frame
are taken.

the undersurface of the acromion. The surface and target
points on each photograph were digitized using a
high-accuracy two-dimensional digitizer, and the three-
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dimensional coordinates of each point were recon-
structed.?® This procedure provides accurate quantitation
of the geometry of the soft tissues overlying the proximal
humerus and of the undersurface of the acromion, relative
to their respective optical targets (Fig. 3). The digitized
stereophotogrammetric surfaces are then curve-fitted with
bicubic patches to create a continuous three-dimensional
computer graphics representation of each joint surface
(Fig. 4). Using the three-dimensional coordinates of the
precision optical targets, exact amounts of translation and
rotation may be calculated to reposition the acromial and
supraspinatus tendon surfaces to their original positions
and orientations within the intact joint.?®37-3° At regions of
overlap, the rotator cuff tendon surface would be expected
to deform.?*:36-% Areas of proximity between the subacro-
mial surface and the superior surface of the supraspinatus
tendon provide an indication of the regions where contact
may occur. Although the tendon may not be compressed at
such regions in these normal cadaveric specimens, these
regions are the most likely to be in contact in the presence
of anatomic or kinematic abnormalities.

Radiographic analysis

For the radiographic portion of this study, seven of the
shoulder specimens from the stereophotogrammetric study
(before disarticulation) and one additional fresh-frozen ca-
daveric shoulder were taken though a range of motion with
the same muscle simulation technique described above.
High-quality AP radiographs were taken with the beam
oriented perpendicular to the plane of the scapula at a fixed
distance in a standardized fashion. In addition, outlet
views (lateral views of the scapula with the beam aimed
down the scapular spine) were taken in each position for a
qualitative comparison with the AP views, and to profile
acromial morphology.*%2! Rotation was maintained at the
starting rotation, and radiographs were taken at 0° of arm
elevation, and in 10° increments from 60° to 120° of arm
elevation in the scapular plane.

The acromiohumeral interval for each AP radiograph in
each incremental position was determined using a
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Figure 3. Stereograms are taken as the humerus is elevated
in increments. By stereophotogrammetric (SPG) analysis (ar-
row), the three-dimensional relationship between the optical
markers affixed to each bone is determined at each position
of elevation.
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Figure 4. A, after the whole-joint model is tested in multiple
positions, the jointis disarticulated, and the three-dimensional
geometry of the surface of the rotator cuff and proximal hu-
merus, and the relationship of these structures to the affixed
targets, are determined using stereophotogrammetry (SPG)
analysis (arrow). B, the three-dimensional geometry of the
acromion and its relationship to the affixed target are similarly
determined.

precision caliper. Distances were measured from the mid-
point of the anterior acromion (located between its lateral
edge and the acromioclavicular joint, at the level of the
inferior cortex) to the point directly below on the proximal
humerus (Fig. 5). A second measurement was taken from
the midpoint of the anterior acromion to the crest of the
greater tuberosity.

RESULTS

Relative position of the undersurface of the acromion and
of the proximal humerus was determined using stereopho-
togrammetry for each shoulder at all positions tested. Re-
sults were highly dependent on the degree of arm elevation
(Table 1). Specifically, at middle elevation, more shoulders
demonstrated contact than at either of the extremes. In
addition, when 20° internally rotated from the starting ro-
tation, more shoulders were in contact than when tested at
the starting rotation.

Regions of proximity, defined as all points on one surface
that were within 5 mm of the other surface, were also in-
vestigated. These results demonstrated consistent trends
and support the concept that the humerus and undersur-
face of the acromion are closest to each other in the range
of 60° to 120° of arm elevation (Table 2).

Contact and proximity were located at the anterolateral
edge of the acromion at 0° elevation and shifted medially
to the anteromedial edge with increasing arm elevation
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A

Figure 5. A, diagram of measurements taken of the acro-
miohumeral interval (AHI) on AP radiographs. Here, the in-
terval includes the thickness of the rotator cuff tendon. B, in
the measurement of AHI in elevation, the bone of the greater
tuberosity is directly below the acromion, and the interval no
longer accommodates the rotator cuff tendon.

TABLE 1
Number of shoulders demonstrating subacromial contact
(overlap) at various positions

Elevation No. of shoulders No. of shoulders
angle in contact at in contact at 20°
(deg) starting rotation internal to starting rotation
0 2 5
30 5 7
60 7 9
90 6 9
120 2 4
150 1 0
180 0 0

(Fig. 6). In each case, and at all positions tested, contact
involved only the anterior portion of the acromion. On the
humeral side, contact and proximity were located at the
proximal end of the biceps region and supraspinatus ten-
don at 0° of elevation and shifted distally along these ten-
dons with increasing arm elevation. In the range of 60° to
120° of arm elevation, contact was focused at the supraspi-
natus insertion. When external rotation is decreased, a
subtle distal and posterior shift was noted in proximity on
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TABLE 2
Acromiohumeral proximity areas®

Areas at 20° internal

Elevation angle Areas at starting

(deg) rotation (cm?) to start(léll;glzgotatwn
0 11+x11 14+12
30 23+19 22+15
60 43 +23 3.2+2.0
90 4614 30+14
120 3319 2.0+ 1.7
150 2.7+ 17 1.0+ 09
180 1.3 = NA® 0.8 0.2

2 Data reported as means * standard deviations.
b Not applicable.

the tendons covering the humeral head (Fig. 7). Further-
more, contact and proximity were consistently more pro-
nounced for shoulders with Type III acromions compared
with those with Type I or IT acromions (Fig. 8).

For radiographic evaluation, the apparent inferior acro-
mial cortex was used to measure the acromiohumeral in-
terval on the AP radiograph, as established from prior
studies.®!** It was seen as a radio-dense line correspond-
ing to the portion tangent to the x-ray beam of the curved
inferior acromial cortex. This line was, therefore, not a con-
stant anatomic landmark but an artifact dependent on the
orientation of the x-ray beam and the morphology of the
acromion. The point “directly below” on the humerus as
seen on the radiograph is not necessarily directly below in
three-dimensional space but rather might be somewhat an-
terior or posterior. The outlet radiograph exhibited the an-
teroposterior curve of the acromion and humerus well but
superimposed them mediolaterally. This made it difficult
to tell whether the greater tuberosity or the more medial
humeral articular surface was directly under the acromion.
The AP and outlet radiographs for the same shoulder in the
same position allowed some judgment of these relation-
ships, but in the absence of discrete markers for compari-
son, only qualitative estimates were possible. Neverthe-
less, our technique is similar to those reported in other
studies done only at 0° of elevation,®!3* and it thus allows
the findings from those studies to be compared with our
results at different elevations in the AP plane. Also, be-
cause visual inspection of the subacromial interval on ra-
diographs is commonly employed clinically, it was believed
to be important to examine this parameter in our cadaveric
model.

The acromiohumeral interval for all shoulders at 0° of
elevation was between 3 and 14 mm (average, 11.1) (Table
3). With arm elevation from 0° to 110°, the acromiohumeral
interval decreased continuously and measured an average
of 4.7 mm at 110°, a decrease of 57%. Below 90° of elevation,
the articular surface of the humerus was directly below the
acromion. Thus, the acromiochumeral interval represented
the bone-to-bone interval accommodating the soft tissues,
including the humeral articular cartilage capsule, rotator
cuff tendon, bursa, and acromial periosteum. At 90° of el-
evation, the crest of the greater tuberosity passed below the
acromion at its closest proximity (average, 5.8 mm) (Fiig. 9).
With further elevation, the lateral portion of the greater
tuberosity was in closest proximity to the acromial
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Figure 6. A, subacromial contact patterns for a right shoulder
at 0° of arm elevation in the starting rotation (SR). Gray levels
represent proximity of one surface to the other in millimeters:
(B) biceps tendon region, (GT) greater tuberosity, (LT) lesser
tuberosity. B, the same shouider at 60° of elevation. C, the
same shoulder at 90° of elevation.

undersurface because the cuff insertion and tuberosity had
already passed medially. Therefore, beyond 90° of eleva-
tion, the acromichumeral interval no longer accommodated
the articular cartilage or cuff tendon but only the perios-
teum of the acromion and greater tuberosity.

The radiographic investigation did not evaluate a posi-
tion 20° less externally rotated than the starting rotation
in all shoulders. However, selected outlet views demon-
strated that relative internal rotation tended to bring the
greater tuberosity forward, directly under the anterior
acromion, while relative external rotation allowed the
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Figure 7. With a 20° internal rotation from the starting rota-
tion (SR), contact on the tendons covering the humeral head
is shifted distally and posteriorly (compare with Figure 6A).

60°

Figure 8. Subacromial contact pattern for a left shoulder with
a Type lll acromion at 60° of arm elevation in the starting
rotation. Note the increased contact on these surfaces as
compared with Figure 6B.

TABLE 3
Measurements of anteroposterior radiographs®

Acromion to

Arm position (deg) AHI (mm) greater tuberosity (mm)

0 11.1 £ 1.4 33.1 49

60 8121 11.8 = 4.7

70 75 20 9.1 *34

80 6.8 + 2.3 6.6 £19

90 57+24 58 *24

100 49+ 22 7.1+ 3.1
110 47+ 2.1 94 * 3.6
120 48 * 2.5 11.7 = 3.7

@ Radiographic measurements for the acromiochumeral interval

(AHI) and distance from the midpoint of the acromion to greater
tuberosity for all arm positions studies (N = 8).

tuberosity to pass more posteriorly (Fig. 10). This suggests
that in some cases the two-dimensional AP radiographs
may appear to demonstrate the tuberosity directly beneath
the anterior acromion, when in fact it is more posterior and
not in proximity.
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Figure 9. Anteroposterior radiographs in 0°, 60°, 90°, and 120° of elevation in the starting rotation.

DISCUSSION

Meyer?!® implicated mechanical attrition under the acro-
mion in the pathogenesis of rotator cuff degeneration.
Watson-Jones?® noted that pain may be produced when the
acromion impinges on the rotator cuff tendon and recom-
mended acromionectomy when surgical treatment was in-
dicated. Others proposed lateral acromionectomy to re-
move the region of the acromion that seemed, on an AP
radiograph, most likely to impinge on the elevating hu-
merus.3 This two-dimensional view was challenged in
1972 by Neer,? who pointed out that the humerus was not
centered under the acromion, as suggested by AP radio-
graphs, but was more anterior, under the anterior acro-
mion, coracoacromial ligament, and acromioclavicular
joint. In his report, Neer demonstrated a characteristic
ridge of spurs and excrescences on the undersurface of the
anterior aspect of the acromion. He thought that it was this
anatomic region, and not the lateral or posterior acromion,
that was responsible for impingement and introduced an-
terior acromioplasty: resection of the undersurface of the
anterior acromion to decompress the underlying rotator
cuff tendons. The current study confirms that regions of
contact are focused on the anteroinferior acromion, sup-
porting removal of this region in the surgical treatment of
the impingement syndrome. Anterior acromioplasty is now

a well-established treatment for rotator cuff impingement
syndrome!*?223.30 and has recently been shown to reduce
subacromial pressure as measured with a balloon manom-
eter.*! However, in the young athletic shoulder subjected to
repetitive, stressful overhead use, factors contributing to
rotator cuff lesions and bursitis are complex, and the di-
agnosis and treatment of impingement lesions remain a
challenge.'”*2 Despite these problems, there is little infor-
mation available on regions of subacromial contact on the
underlying soft tissues. Such information could aid in
the development and refinement of surgical treatment
strategies.

Previous studies have provided limited information on
the articulating mechanics of the subacromial region. With
the arm in 0° of elevation and neutral rotation, it has been
shown that the distance between these two surfaces (ac-
romiohumeral interval) as measured on AP radiographs is
between 6 and 14 mm in normal subjects*!® and is 6 mm
or less in 50% of patients with rotator cuff tears.** However,
it must be emphasized again that these reported values
represent the length of lines drawn on two-dimensional
radiographs, onto which have been projected the three-
dimensional subacromial relationships. The stereophoto-
grammetry used in this study accurately maps these dis-
tances in three-dimensions. Furthermore, measurements
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Figure 10. A, outletradiograph in 0° of elevation. These high-
definition radiographs of specimens stripped of all other tis-
sues demonstrate the soft tissue shadow of the rotator cuff
tendon. This is not seen well on clinical radiographs. Proximity
of the anterior acromion to the tendon can be appreciated. B,
outlet view in 90° of elevation shows the greater tuberosity has
rotated under the acromion.
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obtained from radiographs represent distances measured
from bone to bone. They do not represent the distance from
the articulating soft tissue that covers the humeral head
(especially the rotator cuff tendons) to the soft tissue cov-
ering the undersurface of the acromion, as measured using
stereophotogrammetry. Fluoroscopic examinations of a se-
ries of patients with torn rotator cuffs revealed bony con-
tact between the greater tuberosity and a spur on the un-
dersurface of the acromion that in some cases produced
pain.? However, in other patients with pain, no contact be-
tween bony surfaces was observed. An explanation for this
is suggested by the results of the stereophotogrammetric
portion of this investigation. The soft tissue covering the
humeral head may, indeed, have been in contact with the
undersurface of the acromion, causing symptoms that
cannot be demonstrated with radiographs.

Most clinical studies report impingement occurring in
the range of 60° to 120° of arm elevation.?®*? Despite the
importance of understanding the relationship between the
tendons and undersurface of the acromion through ranges
of motion, limited information is available for positions
other than at 0° of elevation. Both stereophotogrammetric
and radiographic data demonstrate that the region of clos-
est proximity of the acromial undersurface and the cuff
insertion or greater tuberosity or both is maximal in the
middle range of elevation. Beyond this, the tuberosity
clears the acromion and passes medially, in the normal
shoulder. Therefore, provocative tests with the arm in full
elevation are unlikely to represent maximum compression
of the cuff under the acromion, which has greatest contact
at the middle range of elevation. Recent work has sug-
gested that as the arm fully elevates, the undersurface of
the supraspinatus tendon can come into contact with the
glenoid rim and that this may be a source of pain and ten-
don damage (Refs. 18, 41; C. M. Jobe, unpublished data,
1990). This mechanism was not investigated in the current
study.

Burns and Whipple® made qualitative visual observa-
tions of subacromial contact in five articulated cadaveric
shoulders. They found that contact by the anterior tip of the
acromion on the supraspinatus tendon and greater tuber-
osity was greatest in the middle ranges of humeral eleva-
tion. Nasca and coworkers?! applied a green dye to the in-
ferior acromial surface and manually compressed the
shoulder to produce contact at two discrete positions of 45°
and 90° of abduction. They determined that contact areas
increased from 45° to 90° of elevation. This result is con-
sistent with the findings of Jerosch and coworkers'® in
1989, who used simulated muscle forces similar to those
used in our current study. They found that subacromial
pressure, measured with pressure-sensitive film, was high-
est at 90° of abduction. However, this film was interposed
between the acromion and rotator cuff, and, thus, it may
have caused alterations in the contact areas and pressures
being measured. By contrast, the optical stereophotogram-
metric technique in this study allows measurements to be
made without disrupting the joint capsule or subacromial
space. This method accurately assesses gross migrations of
contact patterns as well as minute shifting of areas. In ad-
dition, the stereophotogrammetric technique provides a
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precise and simultaneous determination of joint contact ar-
eas of both the glenohumeral and subacromial articula-
tions of a given shoulder at multiple positions under various
static loading conditions 3383

Acromial shapes have been classified into three catego-
ries (Type I, flat; Type II, curved; Type III, hooked) and
correlated with the incidence of rotator cuff tears.** In
these cadaveric and patient studies, 70% to 80% of cuff
tears were associated with Type III acromions, 20% to 30%
with Type II acromions, and 0% to 3% with Type I acro-
mions. The acromions in the current study were also clas-
sified according to the three types above, and, although a
limited number of specimens existed in each category (one
Type I, four Type II, and four Type III), the current study
supports this result. Shoulders with Type III acromions
consistently had increased contact compared with shoul-
ders with other acromial types. Previous studies of the
coracoacromial arch have documented variations but have
been unable to demonstrate their practical effect on contact
on the rotator cuff and humerus.’>*® Anterior acromio-
plasty has generally been reserved for older patients with
primary impingement, and the marked increase in contact
with Type III acromions seen in these older cadavers would
seem to support that procedure in such cases. The treat-
ment of the young athletic patient with secondary impinge-
ment from instability focuses on restoring normal kinemat-
ics; however, it has been suggested that acromioplasty may
have a role in some carefully selected younger patients with
Type III acromions if primary impingement is clinically
demonstrated.?

Codman’ referred to the region of the supraspinatus ten-
don where most tears initiate as the “critical portion.” If
impingement is an important early factor, subacromial
contact would be expected to center on this area. Our find-
ing that contact is indeed greatest on the distal supraspi-
natus tendon with the arm in elevation is consistent with
a role for subacromial impingement in the pathogenesis of
rotator cuff degeneration. Nasca et al.?! found a correlation
between subacromial contact and areas of tendon damage.
While this correlation does not establish impingement per
se as the initiating etiology, it does suggest that a mechani-
cal disturbance in subacromial gliding, such as increased
soft tissue volume in the subacromial space,*® superior hu-
meral subluxation because of rotator cuff dysfunction,516:34
superior humeral translation due to a tight posterior
capsule,’® or superior humeral subluxation due to gleno-
humeral instability,!” might be expected to selectively
damage the supraspinatus insertion by focusing contact by
the overlying anteroinferior acromion on this region.

The overhead, externally rotated arm position is a com-
mon starting point for many athletic activities. Rather
than pick an arbitrary rotation, we chose the unique degree
of external rotation (starting rotation) that allowed maxi-
mal elevation. This position minimized acromial proximity
to the rotator cuff tendons. Therefore, factors that might
keep the arm in a lesser degree of elevation, such as cap-
sular tightness or apprehension from instability, may in-
crease compression of the rotator cuff. Furthermore, actual
overlap of the acromial and rotator cuff surfaces, implying
deformation, occurred more frequently in specimens el-
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evated in 20° less external rotation than the starting ro-
tation (Table 1). If stiffness or apprehension from insta-
bility prevents full external rotation, it is possible that the
rotator cuff tendon may be subjected to increased compres-
sive loads. This lends support to treatment regimens em-
phasizing range of motion and elimination of stiffness.
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