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Materials and Institutional review board approval was received with ex-
Methods: emption of informed consent for this retrospective HIPAA-
compliant study. Magnetic resonance images were evalu-
ated in 84 patients (63 males, 21 females; mean age, 42.6
years; age range, 15-74 years). On the basis of surgical
results, patients were separated into three groups: those
without shoulder impingement or rotator cuff tears (31
patients), those with shoulder impingement (22 patients),
and those with rotator cuff tears (31 patients). To quanti-
tate the acromial undersurface, the structure was manu-
ally plotted, and a mathematic model was created by using
splines. The undersurface was divided into a 20 X 20 grid.
For each patient, a shape index (SI) data set and local
undersurface angulation (LUA) data set were determined.
Regression analyses were used to identify differences be-
tween groups, and prediction models were constructed on
the basis of correspondent areas.

Results: Analysis of both data sets yielded no apparent progression
between groups and demonstrated a lack of similarity
between the impingement and rotator cuff tear groups.
Discrimination between groups could be demonstrated by
dividing the lateral portion of the acromial undersurface
into contiguous blocks. The highest overall diagnostic ac-
curacy of our prediction models was 58.3% (49 of 84) by
using 10 blocks of the SI data set and 73.8% (62 of 84) by
using five blocks of the LUA data set.

Conclusion: Three-dimensional modeling yields objective data about
the acromial undersurface. On the basis of this method,
osseous impingement by the acromion is not a primary
cause of shoulder impingement syndrome or rotator cuff
tears.
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he pathophysiologic cause of rota-

tor cuff disease, and ultimately of

rotator cuff tears, is multifactorial,
and the relative importance of each
component remains debated. Factors
intrinsic to the cuff, such as muscle
weakness or degenerative tendinopathy
and extrinsic compression by soft tissue
and bone, are some of the more exten-
sively studied etiologic factors (1-3).
Some have suggested that extrinsic os-
seous impingement is the primary etio-
logic mechanism of rotator cuff disease
and that osseous impingement is related
to several causes, such as acquired
and often degenerative bone produc-
tion, congenital and developmental
variants in bone shape, and os acro-
miale (1,4-6).

A major component of osseous im-
pingement is thought to be the morpho-
logic characteristics of the acromion.
Consequently, numerous attempts have
been made to grade acromial morpho-
logic features. The most notable is the
flat (type I), curved (type II), and
hooked (type III) classification by Bigli-
ani and colleagues (7), who originally
described the acromion by using ana-
tomic specimens. This classification has
subsequently been applied to acromia
by using multiple imaging modalities. All
analyses have been subjective to vari-
able degrees, and significant intraob-
server and interobserver variability has
been demonstrated (8-10). This inter-
pretive variability is likely the result of
several factors, including the subjective
nature of nonsystematic interpretation,
the artificial demarcation points of the
current classification schema, the lack

Advances in Knowledge

B There is no consistent area of
down sloping or convexity in pa-
tients with shoulder impingement.

B Osseous impingement by the acro-
mion is not a primary cause of
shoulder impingement syndrome
or rotator cuff tears.

B Variable origin of the deltoid mus-
cle may be useful in distinguishing
between patients with instability,
impingement, and rotator cuff
tears.

of acknowledgment in the continuum of
acromial shapes, the difficulties inher-
ent with uniformly obtaining oblique
planes, and the imposition of a two-di-
mensional construct onto a three-di-
mensional structure.

Objective quantification of acromial
morphologic features is necessary first
to determine if this osseous structure is
truly associated with the pathogenesis
of impingement and second to deter-
mine how acromial shape affects the
grade or severity of rotator cuff tears.
Thus, the purpose of our study was to
model and quantitatively analyze the ac-
romial undersurface in three dimen-
sions and to determine its association
with impingement syndrome and rota-
tor cuff tears.

Materials and Methods

Patients

Institutional review board approval with
exemption of informed consent was ob-
tained from the New York University
Medical Center for this retrospective
Health Insurance Portability and Ac-
countability Act-compliant study. Mag-
netic resonance (MR) images were ana-
lyzed in 84 patients (63 males, 21 fe-
males; mean age, 42.6 years; age range,
15-74 years) who presented to an or-
thopedic surgeon for clinical evaluation
from 1997 to 2004. All patients who
presented to the orthopedic surgeon
during this time frame were included in
the study, and all had undergone sur-
gery within 14 days of imaging.

On the basis of clinical (eg, range of
motion and subacromial injection) and
surgical findings, patients were strati-
fied into three groups: The 31 patients
who had no evidence of impingement or
rotator cuff tear were designated as the
instability group, the 22 patients who
had shoulder impingement were desig-
nated as the impingement group, and
the 31 patients who had rotator cuff
tears were designated as the rotator
cuff tear group. Patient characteristics
are shown in Table 1. For the rotator
cuff tear group, the length of the tear,
the presence or absence of retraction,
and the presence or absence of atrophy

were characterized for further stratifi-
cation during final analysis by one au-
thor (MLE.S., 15 years of experience in
MR imaging of the shoulder) who re-
viewed each MR image.

Imaging and Data Acquisition
The MR images that were used in this
study were obtained by using a 1.5-T
MR imager (Symphony/Avanto; Sie-
mens, Erlangen, Germany) with a dedi-
cated shoulder coil. Conventional sagit-
tal oblique spin-echo MR images were
used for analysis of the acromion. MR
imaging parameters typically consisted
of 500-800/10-20 (repetition time
msec/echo time msec), a 16-cm field of
view, 256 X 256 matrix, 3-mm section
thickness, and 0.9-mm intersection gap.
Imaging was performed laterally for
the sagittal oblique series, which in-
cluded images from the first appearance
of the acromion, and continued medially
until images from the last section
through the acromioclavicular joint had
been obtained. This ranged from five to
eight sections, with a mean and mode of
seven sections. The selected Digital Im-
aging and Communications in Medicine
images were exported into Joint Photo-
graphic Experts Group format in the
original matrix dimension by using Di-
comWorks (v1.3.5; Puech and Boussel,
Lyon, France). For analysis of the left
and right shoulders as one group, im-
ages of the left shoulders in Joint Photo-
graphic Experts Group format were re-
versed appropriately by using an image
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manipulation and graphics program
(Photoshop CS; Adobe, San Jose,
Calif). Each image series was then im-
ported into a computer-assisted design
program (AutoCAD 2005; Autodesk,
San Rafael, Calif) while maintaining
three-dimensional relationships, such
as field of view, section thickness, and
intersection gap (Fig 1a).

With the computer-assisted design
software, points were used to manually
outline the undersurface of the acro-
mion in each section (Fig 1b). The pos-
terior aspect of the acromion was de-
fined at the origin of the deltoid muscle.
Any enthesophytes were treated as part
of the acromial undersurface and were
outlined. On average, 160 points were
used for each oblique sagittal series. All
points were plotted by a single re-
searcher (E.Y.C.) who was blinded to
the group that each patient belonged to.
This researcher was trained by another
researcher (M.E.S.) over the course of
2 months to recognize and plot the un-
dersurface of the acromion.

Surface Creation and Data Calculation

For each acromion, point data were im-
ported into an interactive mathematics
program (Matlab 7.0; Mathworks,
Natick, Mass), and the points within
each section were interpolated with a
one-dimensional spline. Each spline was
then resampled so that each section
contained the same number of points
(Fig 2a). For each acromion, the under-
surface was modeled by fitting a two-
dimensional smoothing B spline with
the Spline Toolbox function (Matlab

Table 1

Patient Characteristics

7.0; Mathworks) (Fig 2b). B splines be-
long to a spline curve family that con-
sists of smooth curves defined mathe-
matically by two or more control points
and may be used to interpolate or ap-
proximate curves and surfaces through
multiple points.

The surface was divided into an
evenly spaced 20 X 20 grid (400
points), and for each point the magni-
tude and direction of the two principal
curvatures, K,;, and k.., were calcu-
lated by using a mathematics program
(Matlab 7.0; Mathworks). These curva-
tures correspond to the minimum (k,,;,)
and maximum (k,,,) spatial rates of
change for a tangent plane to the sur-
face when moving away from a given
point. A detailed mathematic descrip-
tion of splines and principal curvatures
is beyond the scope of this article but is
outlined in a prior study by one of the
authors (11). An informal description of
the concept of principal curvatures is
reviewed briefly:

As seen in Figure 3, given a surface
S, a tangent plane Pt is constructed to
point p that lies on S. At p, n denotes a
unit vector, which is normal to the tan-
gent plane. A second plane (Po) is con-
structed that contains n, which is or-
thogonal to the tangent plane. As this
second plane is rotated 180° around the
normal vector n, an infinite number of
curvatures will arise from the intersec-
tion (surface curve) between S and the
rotating plane. Where these curves in-
tersect at p, the curvature (k) will dem-
onstrate more curve at larger values
and opposite curve depending on the

min

No. of Mean Age Age Range Left Right
Group Patients (v) () Shoulder Shoulder

Instability

Female 4 28 20-41 3 1

Male 27 30 15-52 10 17
Impingement

Female 9 47 31-56 4 5

Male 13 51 40-74 9 4
Rotator cuff tear

Female 8 57 31-69 2 6

Male 23 48 23-71 12 11

sign. A k of 0 would denote a straight
line segment. If k... is equal to k,,;, but
not equal to zero, then the local section
of the surface is purely concave or con-
vex. Our example in Figure 3 demon-
strates a purely convex surface.

From the two principal curvature

min

Figure 1: (@) Seven sagittal oblique spin-echo
MR images (688/14, 16-cm field of view, 256 X
256 matrix, 3-mm section thickness, 0.9-mm
intersection gap) imported into a three-dimen-
sional space, with 3.9-mm spacing between each
image. (b) Sagittal oblique T1-weighted spin-echo
MR image (783/13, 16-cm field of view, 512 X
512 matrix, 3-mm section thickness) demon-
strates example of points along acromion under-
surface. Figure is used only as an example; actual
points for data analysis were at pixel level and were
not easily visualized.
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values we can determine the shape in-
dex (SI), which is a convenient math-
ematic method to provide a local shape
description. At each of the 400 points,
SI was calculated by using a mathemat-
ics program (Matlab 7.0; Mathworks)
and was defined as follows: —2/m tan ™"
[(Kimax T Kmin)/ (Kmax — Kmin)]- ST values
range from —1.0 to 1.0, with negative
indices indicating a concave shape and
positive indices indicating a convex
shape (Fig 4). SI provided us with our
first data set for analysis, which con-
tained 400 values for each of the 84
patients.

Additionally, the relative angulation
of the normal vector at each of the 400
points was measured with the same

mathematics program (Matlab 7.0;
Mathworks). First, normal vectors,
ng, ., were calculated at each of the

400 points along the acromial undersur-
face (Fig 5a). We then created a plane
of best fit through the resampled points
of the acromial undersurface and deter-
mined the normal vector n,,. of this
plane. At each point along the 20 X 20
grid we calculated the angle difference
as the absolute value of these two vec-

Figure 2:

MED = medial, POST = posterior, SUP = superior.

(@) Resampled points along acromial undersurface for each MR section. (b) Undersurface of
acromion reconstructed from points ina by using B splines. ANT = anterior, INF =

tors, n n, ., (Fig Sb). We refer
to this as the local undersurface angula-
tion (LUA). This provided us with a sec-
ond data set for analysis that also con-
tained 400 values for each of the 84
patients. This data set provided an ab-
solute value and did not indicate direc-
tion (as is the case in an upward- or
downward-sloping section), so we also
obtained the relative component in the
magnet coordinate z-axis.

plane

Statistical Analysis

Two data sets, each containing 33 600
entries (84 patients, 400 points), were
created from the output values as out-
lined in the previous section—one set
was created for SI and the other was
created for LUA. For each data set, pa-
tients were categorized into three mutu-
ally exclusive groups (shoulder instabil-
ity, impingement, or rotator cuff tear),
and analyses were conducted in two
stages.

The first stage was used to identify
blocks of contiguous data points that
exhibited differences between patient
groups after adjusting for age and sex.
For this, we used an analysis of variance

inferior, LAT = lateral,

as a filter to identify a reasonably small
number of shoulder locations that could
be used for a more formal second stage
of analysis. Each separate analysis of
variance used only a single observation
(SI or LUA at a specific shoulder loca-
tion) for each patient; therefore, no in-
trapatient correlations needed to be ac-
counted for. Type IIl P values, which
were used to assess the difference be-
tween diagnosis groups with respect to
SI and LUA at each location (adjusted
for age and sex), were employed as a
mechanism for ranking each point along
the acromial undersurface so that a sub-
set of data could be selected for the
subsequent analyses. Consequently, the
first stage produced a set of data blocks
that represented contiguous regions of
the shoulder where SI or LUA seemed
to exhibit an association with the diag-
nosis.

The second stage of analysis was
based on logistic regression, and diag-

Figure 3:  Surface Swith tangent plane Pt at
point p. Plane Pois orthogonal to tangent plane Pt
Curvature karises from surface Sas Pois rotated
about vector n.

Figure 4:  Graphic representation of Sl for (right to left) —1.0 concave, —0.5 rut, 0.0 saddle, 0.5 ridge, and 1.0 convex shapes.
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a.
Figure 5:

INF =0

SUP

POST

b.

(@) Normal vectors at each point on 20 X 20 grid along acromial undersurface. (b) Plane of best fit through resampled points demonstrates LUA, which was
defined as a normal vector of the acromial undersurface in a (longer arrow) subtracted from normal vector of plane (shorter arrow). ANT = anterior, INF = inferior,
LAT = lateral, MED = medial, POST = posterior, SUP = superior.

nosis was used as a dependent variable
for each patient. Because of the vast
quantity of data, the mean value of Sl or
LUA within each block of data was used
to construct diagnostic prediction mod-
els with ordinal (order assumed for in-
stability, impingement, and cuff tear),
nominal (no order assumed for instabil-
ity, impingement, and cuff tear), and
binary (presence vs absence of each
condition) logistic regression analyses.

Additionally, the mean value for
each point along the acromial undersur-
face was examined for comparison be-
tween the three groups, and relation-
ships between the length of the tear, the
presence or absence of retraction, and
the presence or absence atrophy were
compared. Receiver operating charac-
teristic curves were used to assess the
diagnostic utility of mean Sl and LUA
assessments for each specific condition
(instability, impingement, or rotator
cuff tear). A statistician (J.S.B.) per-
formed all statistical computations by
using a commercially available software
program (SAS for Windows, version
9.0; SAS Institute, Cary, NC).

In the rotator cuff tear group, the mean
length of the tear was 1.1 cm (range, 1
mm to 4 cm). Of the 31 patients in this
group, 25 had no retraction or atrophy,
two had retraction and atrophy, one

had atrophy and no retraction, and
three had retraction and no atrophy.

Analysis of S|

It was observed that neither age nor sex
was significantly associated with SI. By
using an analysis of variance, we were
unable to identify portions of data that
exhibited significant differences (P <
.05) between patient groups. We identi-
fied 10 blocks of contiguous data that
exhibited trends (.05 < P < .1), and a
graphic overlay onto an acromial under-
surface was created (Fig 6). By using
the average Sl for each of the 10 blocks,
we were able to show the results of the
ordinal logistic regression and nominal
logistic regression (Table 2). The pre-
diction models that were based on aver-
age SI exhibited a high propensity for
misdiagnosis in patients with impinge-
ment. For both regression analyses,
however, the highest sensitivity was
found for diagnosis in the shoulder in-
stability group.

Analysis of LUA

By using the mean LUA value for each
point, we created a graphic overlay onto
an acromial undersurface for all three
groups (Fig 7). Of note, the lateral edge
for the impingement group had an over-
all greater LUA than the lateral edge for
the instability or rotator cuff tear group.
This relationship remained even after
stratifying the rotator cuff tear group

B et

= S .

L .
LAT MED

Figure 6:  Blocks of contiguous data overlaid
onto an acromial undersurface demonstrate a
trend to distinguish between patient groups, as
determined by P value (.05 < P<<.1) onthe basis
of SI. ANT = anterior, LAT = lateral, MED =
medial, POST = posterior.

according to the length of the tear, the
presence or absence of retraction, and
the presence or absence atrophy. From
the magnet coordinate z-axis compo-
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nent, it was shown that greater LUA in
this area was caused by the upward
sloping of the lateral edge.

It was observed that neither age nor
sex was significantly associated with
LUA. Pvalues that were calculated from

the analysis of variance on the LUA data
set were used to create a graphic over-
lay onto an acromial undersurface (Fig
8a). On the basis of these results, atten-
tion was focused on the data points that
corresponded to the lateral portion of

Table 2

Results Obtained by Using Average Sl in 10

Blocks for Diagnosis

Predicted Diagnosis
True Diagnosis Instability Impingement Rotator Cuff Tear Sensitivity (%)*
Ordinal Logistic Regression”
Instability 25 0 6 80.6 (25/31)
Impingement 12 0 10 0(0/22)
Rotator cuff tear 10 0 21 67.7 (21/31)
Nominal Logistic Regression*
Instability 21 6 4 67.7 (21/31)
Impingement 7 8 7 36.4 (8/22)
Rotator cuff tear 9 2 20 64.5 (20/31)

*Numbers in parentheses were used to calculate percentages.

T Overall diagnostic accuracy was 54.8% (46 of 84).
* Overall diagnostic accuracy was 58.3% (49 of 84).

the acromion; this area contained the
majority of significant values (P < .05)
and has been described in the literature
as being a risk factor for impingement
(7,12). Diagnostic prediction models
were constructed on the basis of the
mean value of the LUA within each of
five spatially contiguous blocks (Fig 8b).
Only nominal logistic regression was
performed because we were unable to
unambiguously discern an ordering for
the three groups. In particular, while
the impingement group had a higher
mean value for the LUA in each of the
five blocks, the relative order of the
shoulder instability group and rotator
cuff tear group varied from block to
block (Table 3).

In all subsets, variable selection was
used to identify the two diagnostic mod-
els that exhibited the best performance
in terms of overall diagnostic accuracy
(Table 4). The first model used only the
mean measurements from blocks 3, 4,
and 5, while the second model used the

MED

POST = posterior.

b. c.

Figure 7. Mean value of LUA at each point on 20 x 20 grid overlaid onto acromial undersurface with color bar for (a) instability group, (b) impingement group, and
(c) rotator cuff tear group. Note that the lateral edge in b has an overall greater angulation than the lateral edge ina or ¢. ANT = anterior, LAT = lateral, MED = medial,
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mean measurements from all five blocks
in addition to patient age.

Receiver operating characteristic
curves were generated for the three di-
agnostic models for this data set, and
the areas under the curve were calcu-
lated as 0.952 for the instability group,
0.833 for the impingement group, and
0.844 for the rotator cuff tear group
(Fig 9).

In 1972, Neer (1) described subacro-
mial impingement syndrome as a dis-
tinct entity on the basis of clinical obser-
vations and cadaveric scapulae dissec-
tion. He proposed that the rotator cuff
was impinged on by the anterior one-
third of the acromion, by the cora-
coacromial ligament, and by the acro-
mioclavicular joint. Furthermore, Neer
focused on the shape of the anterior
acromial undersurface and concluded
that variations in the undersurface,

such as an overhanging curve or spur,
were in part responsible for subacro-
mial impingement and associated rota-
tor cuff tears. In several later studies,
acromial undersurface shape was found
to have a relationship to rotator cuff
disease (12-15).

Many have questioned, however,
the reliability of current classification
systems. Zuckerman et al (8) demon-
strated a poor to fair level of interob-
server reliability by using anatomic
specimens with the classification system
of Bigliani and colleagues (7). Peh et al
(10) found that apparent acromial
shape varied on supraspinatus muscle
outlet radiographs depending on minor
variations in angulation and that appar-
ent acromial shape varied on MR im-
ages depending on the acquisition of lat-
eral versus more medial sections. In an-
other study, Jacobson et al (9) reviewed
126 supraspinatus outlet radiographs
and found good to excellent intraob-
server reliability but fair interobserver
reliability at best. On the basis of their
results, Jacobson and colleagues con-
cluded that a system that incorporates
more objective classification criteria
and acknowledges the continuous na-
ture of acromial morphologic types may

(a) P values calculated from an analysis of variance on the basis of LUA data set. Graphic overlay
onto acromial undersurface demonstrates that the majority of significant values (P << .05) are within the lateral
portion. (b) Diagnostic model built on the basis of the mean value of each of these five spatially contiguous
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Table 3

Mean Value of LUA in Five Contiguous Summary Blocks

Instability Impingement Rotator Cuff Tear
Block Group Group Group
1 26 37 22
2 27 32 24
3 24 35 30
4 20 27 18
5 21 29 26

improve reliability and validate the use
of the classification system for making
clinical and surgical judgments (9).

On the basis of the systematic and
quantitative methods used in our study,
our results are similar to those of previ-
ous studies in that they indicate the ac-
romial undersurface to be useful in dis-
tinguishing between groups of patients
who demonstrate instability, impinge-
ment, or rotator cuff tears. These re-
sults, however, are not based on a sin-
gle summary statistic but rather on 10
summary Sls or at least three summary

LUA values.

Our results suggest that there is not
a simple progression of acromial shapes
between patients with instability, im-
pingement, or rotator cuff tears. Fur-
thermore, although each group is distin-
guishable with our LUA statistical pre-
diction model, the lateral acromial edge
of the group with shoulder instability is
more similar to that of the group with
rotator cuff tears, and both groups ap-
pear different from the impingement
group. This relationship remained even
after reviewing each case within the ro-
tator cuff tear group and stratifying pa-
tients according to the length of the

Radiology: \/olume 239: Number 2—May 2006
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tear, the presence or absence of retrac-
tion, and the presence or abhsence of
atrophy. Interestingly, this correspond-
ing area was not down sloping or
hooked but rather up sloping. We were
unable to distinguish any consistently
down-sloping area in the impingement
group, and our results lead us to believe
that subacromial impingement syn-
drome and rotator cuff tears are not
caused by primary extrinsic osseous im-
pingement.

1.0+
0.9+
0.8+
0.74
0.6+
0.5+
0.4+
0.3+
0.2+
0.14
0.0+

Sensitivity

T

0.0 0.5 1.0

1 - Specificity
Figure 9:  Receiver operating characteristic
curves for the binary prediction models generated
fromthe mean local undersurface angulation in
five blocks to diagnose each specific condition.
Area under the curve is 0.952 for instability
(A, black line), 0.833 forimpingement (B, gray
ling), and 0.844 for rotator cuff tears (C, dotted
line).

The results of our study provide a
partial response to the controversy sur-
rounding the cause of rotator cuff dis-
ease. Other proposed intrinsic mecha-
nisms, such as primary degeneration
(possibly vascular and ischemic in na-
ture) of the cuff or overuse, may play
more important roles (16,17). Our data
show that the lateral edge of the acro-
mion remains potentially useful in diag-
nosis, although the mechanism does not
appear to be through osseous impinge-
ment. The lateral edge of our three-di-
mensional undersurface model corre-
sponds to the posterior aspect of the
individual sagittal oblique sections. Our
plotting technique defined the true edge
of the acromion at the origin of the del-
toid muscle. This raises the possibility
that the point of deltoid origin may have
a primary or secondary role in subacro-
mial impingement syndrome and rota-
tor cuff tears.

LUA, which had an overall diagnos-
tic accuracy of 73.8% (62 of 84), ap-
pears to be much more useful than SI,
which had an overall diagnostic accu-
racy of 58.3% (49 of 84). We believe
this difference is partly the result of lim-
itations in using SI for our analysis.
While theoretically useful for determin-
ing the concavity and convexity of a lo-
cal point, SI does not indicate the abso-
lute amount of osseous narrowing. An
illustrative example is an acromion with
a constant mildly convex surface that
begins medially and extends laterally.

Results of Nominal Logistic Regression by Using Mean LUA for Diagnosis

Predicted Diagnosis

True Diagnosis Instability Impingement Rotator Cuff Tear Sensitivity (%)*
Blocks 3, 4, and 57
Instability 24 0 7 77.4 (24/31)
Impingement 2 10 10 45.5 (10/22)
Rotator cuff tear 4 4 23 74.2 (23/31)
Blocks 1-5 and Patient Age*
Instability 26 0 5 83.9 (26/31)
Impingement 1 13 8 59.1 (13/22)
Rotator cuff tear 4 4 23 74.2 (23/31)

* Numbers in parentheses were used to calculate percentages.
T Overall diagnostic accuracy was 67.9% (57 of 84).
* Overall diagnostic accuracy was 73.8% (62 of 84).

Numerically speaking, SI at each indi-
vidual point on the acromial undersur-
face would not capture the total amount
of narrowing at the lateral edge. Addi-
tionally, any combination of convex
points could lead to the same outlet nar-
rowing, thereby making it difficult to
compare specific points across acromia.
This is where the LUA proves more use-
ful in that it provides the relative degree
of angulation at a specific point.

There are additional limitations to
the shape analysis technique used in this
study. One shortcoming lies in the sta-
tistical analysis. With regard to ordinal
logistic regression, our analysis did not
assume a proportional odds model. This
may be a confounding factor leading to
poor performance, aside from the sug-
gestion that there is no progression be-
tween groups.

Additionally, an intrinsic shortcom-
ing of shape analysis lies in the technical
difficulty of comparing vastly different
shapes to one another. Along these
lines, in an analysis for which a specific
location on an anatomic structure is
compared across patients, there is a di-
rect relationship between the size of the
grid used to divide the structure (total
number of points) and the amount of
misregistration. For two differently
shaped acromia that are both divided
into 20 X 20 grids, each point does not
anatomically correlate as well between
patients as each point on a 5 X 5 grid.
For our study, we attempted to mini-
mize misregistration and maintain rela-
tive anatomic accuracy between the ac-
romia of patients by using summary sta-
tistics and the fact that the acromial
undersurface is smooth and continuous
in shape. Also important when recreat-
ing a structure is the use of thin sec-
tions. In particular, we noticed occa-
sional degradation of cortical resolution
on the most lateral section of the acro-
mion because of volume averaging.

The use of a minimal intersection
gap was also an important factor. We
were able to accurately plot the surface
within the plane of each section, but
there were fewer control points for two-
dimensional smoothing B splines when
moving between sections. With regard
to the latter problem, one could plot
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points in at least two imaging planes and
superimpose the points in three-dimen-
sions (multiplanar reconstruction).

In conclusion, our results do not
support the previous thinking that osse-
ous impingement by any portion of the
acromion leads to subacromial impinge-
ment syndrome. Additionally, there is a
lack of continuum between acromial
morphologic features and progression
to tear, which suggests that osseous im-
pingement is not primarily responsible
for rotator cuff tears. Intrinsic shape
determination of the acromial under-
surface by using the technique proposed
in this study has the potential to distin-
guish between patients with instability,
impingement, or rotator cuff tears, pos-
sibly because of the variable origin of
the deltoid muscle. We believe that the
technique for shape analysis that is used
in this study demonstrates promise and
provides a baseline for future projects
in which the concept of shape interac-
tion aids in the understanding of muscu-
loskeletal disorders.
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