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n vivo anatomy of the Neer and Hawkins sign positions for
houlder impingement
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he Neer and Hawkins impingement signs are com-
only used to diagnose subacromial pathology, but

he anatomy of these maneuvers has not been well
lucidated in vivo. This 3-dimensional open magnetic
esonance imaging study characterized shoulder anat-
my and rotator cuff impingement in 8 normal volun-

eers placed in the Neer and Hawkins positions. Sub-
cromial and intraarticular contact of the rotator cuff
as graded, and minimum distances were computed
etween the tendon insertion sites and the glenoid,
cromion, and coracoid. Both the Neer and Hawkins
aneuvers significantly decreased the distance from

he supraspinatus insertion to the acromion and poste-
ior glenoid and from the subscapularis insertion to the
nterior glenoid. However, the Hawkins position re-
ulted in significantly greater subacromial space nar-
owing and subacromial rotator cuff contact than the
eer position. In the Hawkins position, subacromial

ontact of the supraspinatus and infraspinatus was ob-
erved in 7 of 8 and 5 of 8 subjects, respectively. In
ontrast, rotator cuff contact with the acromion did not
ccur in any subject in the Neer position. Intraarticular
ontact of the supraspinatus with the posterosuperior
lenoid was observed in all subjects in both positions.
ubscapularis contact with the anterior glenoid was
lso seen in 7 of 8 subjects in the Neer position and

n all subjects in the Hawkins position. This extensive
ntraarticular contact suggests that internal impinge-
ent may play a role in the Neer and Hawkins signs.
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mpingement syndrome is a common cause of shoul-
er pain arising from the repetitive or excessive con-

act of the rotator cuff tendons with other anatomic
tructures in the shoulder. Shoulder impingement can
e classified as either external or internal. First de-
cribed by Neer33 in 1972, external impingement is
haracterized by contact of the superficial aspect of
he rotator cuff against the acromion, coracoid pro-
ess, or coracoacromial ligament. In 1992 internal
mpingement was described in arthroscopic and ca-
averic studies as contact of the undersurface of the
upraspinatus and infraspinatus tendons with the pos-
erosuperior glenoid rim or labrum.27,41 Internal im-
ingement has been proposed as an etiologic mech-
nism of pathology observed on the articular side of

he rotator cuff.
The Neer and Hawkins impingement signs are

elieved to be reliable indicators of subacromial ex-
ernal impingement.30,40 To elicit the Neer impinge-
ent sign, an examiner passively elevates the pa-

ient’s shoulder to the position of maximal elevation
hile stabilizing the scapula.1 Hawkins and
ennedy26 proposed a modified maneuver of for-
ard flexion to 90° combined with maximal internal

otation of the shoulder. Shoulder pain elicited in
hese positions is thought to result from subacromial
mpingement with rotator cuff pathology.30 Despite
he sensitivity of the Neer and Hawkins signs, their
oor specificity and positive predictive value8,29,30

uggest the existence of additional alternative im-
ingement mechanisms.35

The anatomy and impingement mechanisms of
hese maneuvers have not been well elucidated in
ivo.14 Biomechanical analyses of shoulder abduc-
ion and rotation predict that the Hawkins sign posi-
ion should result in greater subacromial contact of the
otator cuff than the Neer sign position.6,7,14,23,25,38

owever, a recent in vivo study of asymptomatic
olunteers did not observe subacromial contact of the
otator cuff in either the Neer or the Hawkins sign
osition.35 Furthermore, whereas internal impinge-
ent in the Neer and Hawkins positions has been

uggested by recent skeletal12 and cadaveric40 stud-
es, this mechanism has not been demonstrated in
ivo.
The goal of this open magnetic resonance imaging
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MRI) study was to characterize the in vivo anatomy of
he shoulder in the Neer and Hawkins positions.
pecifically, we tested the following two hypotheses:
1) the Hawkins position brings the rotator cuff tendon
nsertion sites into closer proximity of the acromion
han the Neer position and (2) the Neer and Hawkins
aneuvers elicit internal impingement, as well as
xternal impingement, of the rotator cuff. MRI was
sed to assess articular contact of the rotator cuff with
he glenoid rim and labrum, as well as superficial
ontact of the rotator cuff in the subacromial space.
hree-dimensional (3D) computer models of shoulder
natomy were also generated from the magnetic
esonance (MR) images, and minimum distances
ere computed from the greater tuberosity, lesser

uberosity, and rotator cuff tendon insertion sites of
he humerus to the acromion, glenoid rim, and cora-
oid process of the scapula.

ATERIALS AND METHODS

Eight normal volunteers with no history of shoulder pain
r pathology participated in this study. All subjects were
en ranging in age from 19 to 21 years. Before MRI, a
hysical examination of the shoulder was performed on
ach subject by the same examiner. All subjects exhibited
ormal surface anatomy, range of motion, strength, and
tability; no tenderness to palpation was elicited. The Neer
nd Hawkins impingement signs were also negative for all

Figure 1 Subject positioning within MR scanner. A, T
used for this study is depicted in the left panel. The rig
neutral position, with his arm at his side. B, To simula
the overhead position with palm facing up, with the a
Hawkins position, the subject’s relaxed right arm and w
90° of elbow flexion. An internal rotation torque was
band.
ubjects. The Institutional Review Board of Stanford Univer- i
ity, Stanford, CA, approved the protocol, and informed
onsent was obtained from each subject.

RI
MRI was performed with the subject in the supine posi-

ion in a 0.5-T open MR scanner (Signa SP; GE Medical
ystems, Milwaukee, WI). The right shoulder was imaged
y use of a flexible, circular radiofrequency surface coil
Figure 1). Images were acquired by use of a 3D gradient-
ecalled echo (GRE) pulse sequence with 20 milliseconds of
cho time, 37 milliseconds of repetition time, a 20 �
0–cm field of view, and a 256 � 160–pixel matrix. Each
D GRE scan yielded 42 consecutive 2-dimensional images
ith a slice thickness of 2 mm and required a total scan time
f 4 minutes 35 seconds.

Subjects were imaged with the right arm in three differ-
nt positions: (1) neutral, with the arm resting at the sub-
ect’s side; (2) the Neer position; and (3) the Hawkins
osition (Figure 1). First, 3D GRE images of the right
houlder in the neutral position were acquired in both the
oronal and axial planes (Figure 2). Subsequently, axial
mages of the shoulder were acquired with the arm in the
eer and Hawkins examination positions. To image the

houlder in the Neer impingement sign position, the sub-
ect’s extended right arm was placed in full forward flexion
Figure 1, B). For the Hawkins impingement sign position,
he right arm was positioned at 90° of forward flexion by
se of a plastic arm-supporting device (Figure 1, C). In
ddition, the forearm was supported at the wrist to maintain
n elbow flexion angle of 90°, and the shoulder was

en MRI scanner (MRT, Magnetic Resonance Therapy)
nel shows a subject supine within the scanner in the
Neer position, the subject’s right arm was placed in
ing held stationary by foam pads. C, To simulate the
ere supported at 90° of forward shoulder flexion and
pplied by use of an elastic cord attached to the wrist
he op
ht pa

te the
rm be
rist w

then a
nternally rotated by application of an inferiorly directed
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orce of 9.8 N at the wrist by use of a calibrated elastic cord
Figure 1, C). The amount of force applied at the wrist was
hosen to simulate the forced internal rotation produced
uring a clinical examination without causing excessive
iscomfort during the approximately 5-minute-long scan.
ubjects were at rest and did not actively resist the internal
otation imposed by the elastic cord. A goniometer was
sed to confirm arm orientation in the impingement posi-
ions and to measure internal rotation in the Hawkins posi-
ion, which averaged 111° � 8° for the 8 subjects. The
rder in which the subjects were placed in the impingement
ositions was varied; even-numbered subjects were first

maged in the Neer position and subsequently imaged in
he Hawkins position, whereas odd-numbered subjects
ere placed in the Hawkins position first and then in the
eer position.

adiologic grading of rotator cuff impingement
Rotator cuff impingement was assessed from the axial

R images of the shoulder in the Neer and Hawkins
ositions. Internal and external impingement of the su-
raspinatus, infraspinatus, and subscapularis tendons was
haracterized by consensus grading of 2 musculoskeletal
adiologists. No impingement of the teres minor tendon was
een. Images were reviewed interactively, and multiplanar
eformatting was used as needed (Advantage Windows,
E Medical Systems, Milwaukee, WI). For both positions,

ontact of the supraspinatus and infraspinatus with the
cromion and the subscapularis with the coracoid process
as assessed; contact with the glenoid-labrum complex
as also graded for the three rotator cuff tendons. Impinge-

igure 2 Segmentation of shoulder anatomy from MR images. The
oundaries of the bones and muscle attachments were outlined in
ach image slice, and a 3D surface model for each structure was
uilt from the series of outlines.
ent was graded based on the extent of rotator contact with w
he scapula. A grade of 0 was assigned if the rotator cuff
id not make contact with the structure; a grade of 1 or 2
as assigned if contact occurred either without (grade 1) or
ith (grade 2) deformation of the rotator cuff muscle-tendon
omplex.

omputer modeling
Three-dimensional surface models of the glenoid, cora-

oid, acromion, labrum, and supraspinatus, infraspinatus,
nd subscapularis insertion sites were created from each
eries of contiguous 2-dimensional MR images. In each
-dimensional image, the anatomic structures were outlined
anually by defining a series of points that were connected
y a cardinal spline. The outlines for each structure were

hen combined to form a 3D polygonal surface mesh (Nu-
ges; INRIA Sophia-Antipolis, Sophia-Antipolis, France).
he resulting surface models of the anatomic structures were
mported into a graphics-based musculoskeletal modeling
nvironment, SIMM (Software for Interactive Musculoskele-
al Modeling; Musculographics, Inc, Santa Rosa, CA).10

In the Hawkins and Neer positions, surface models for
he humerus, glenoid, and acromion were created from the
ingle set of axial images obtained in each position. In the
eutral position, surface models for all structures were built
rom both axial and coronal image series and combined to
orm a complete representation (Figure 2). For example, the
roximal aspect of the humeral head was taken from the
oronal reconstruction and added to the axial reconstruc-
ion to form a full reconstruction of the proximal humerus.
he humerus and scapula from the detailed neutral position
odels were registered to the humerus and scapula recon-

tructions in the Hawkins and Neer positions. Performing
his registration step allowed the use of the detailed recon-
tructions generated from the neutral position images—
hich included optimal coverage of the muscle inser-

ions—to calculate minimum distances in the Hawkins and
eer positions.
An iterative closest-point algorithm3 and a nonlinear,

east squares algorithm (MATLAB Optimization Toolbox;
he Mathworks, Natick, MA) were used to register the
urface reconstructions of the humerus and scapula in the
eutral position to the humerus and scapula models in the
awkins and Neer positions. The inputs to the algorithm
ere two polygonal surfaces that were originally at a
istance from each other. The algorithm determined the

ransformation to be applied to one of the surfaces to minimize
he distance between the two surfaces. This algorithm has
een widely used; for example, it has been used to calculate
capular kinematics16 and to register lower limb bone sur-
aces built from orthogonal sets of MR images.2

alculation of minimum distances
Minimum distances between the humerus and the scap-

la were calculated. Specifically, minimum distances were
omputed between (1) the greater and lesser tuberosities
nd supraspinatus, infraspinatus, and subscapularis inser-

ion sites of the humerus and (2) the glenoid, acromion, and
oracoid process of the scapula. For each polygon in each
umeral surface, the closest point on the scapular surface
as found; the minimum distance between the two surfaces

as the closest polygon-point distance (Figure 3, A). The
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losest points on the two surfaces were displayed graphically
Figure 3, B). Minimum distances for the neutral, Neer, and
awkins positions were compared by use of paired t tests.
escriptive statistics are reported as mean values � SD.

ESULTS
ubacromial impingement

The greater tuberosity was significantly closer to the

Figure 3 Determination of minimum distances. A, For
(Vj) on the scapular surface was found. The closest poi
(1) within the boundary of the polygon (note that the pro
(note that the projection of Vj is closer than the projec
as the minimum distance between the two surfaces.
graphically. For example, the red surface on the hum
indicates the minimum distance between the insertion

Figure 4 Minimum distances to acromion (A) and gle
and insertions of supraspinatus (Supra), infraspinatus (
supraspinatus and infraspinatus insertion minimum d
minimum distance. Similarly, the minimum distances to
follow the same trend. The bars represent the mean va
every case the minimum distances computed for the Ne
corresponding minimum distance in the neutral position
as follows: 1 asterisk, P � .05; 2 asterisks, P � .01;
cromion in both the Neer and Hawkins positions than in c
he neutral position (Figure 4, A). However, the minimum
istance from the greater tuberosity to the acromion did not
iffer significantly between the two impingement sign po-
itions (P � .78). The minimum distance from the supraspi-
atus and infraspinatus tendon insertion sites to the acro-
ion also decreased significantly in the impingement
ositions compared with the neutral position (Figure 4, A).
oreover, the supraspinatus insertion was significantly

polygon (Pi) on the humeral surface, the closest point
s the one that projected onto the plane of the polygon
on of Vj�1 is outside the boundary) and (2) the closest
f Vj-1). The closest polygon-point match was selected

he points of minimum distance were then displayed
s the supraspinatus tendon insertion and the red line
he acromion.

(B) from greater tuberosity (GT), lesser tuberosity (LT),
, and subscapularis (Subscap) tendons. Note that the
ces follow the same trend as the greater tuberosity
ubscapularis tendon insertion and the lesser tuberosity
r all 8 subjects, and the error bars represent 1 SD. In

d Hawkins positions were significantly smaller than the
level of significance is given by the number of asterisks
asterisks, P � .001.
each
nt wa
jecti

tion o
B, T
erus i
noid
Infra)
istan
the s
lue fo
er an
loser to the acromion than the infraspinatus insertion for
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oth the Neer (P � .001) and Hawkins (P � .01) positions
Figure 5, A). Both insertion sites were significantly (P �
01) closer to the acromion in the Hawkins position than in
he Neer position. In the Hawkins position, the distance
rom the supraspinatus insertion to the acromion averaged
nly 4.2 � 0.7 mm.

In the Neer position, the radiologic grading results
howed that the rotator cuff did not make contact with
he underside of the acromion in any subject. The mus-
ular portion of the supraspinatus did make contact with
he acromion at its base, near the scapular spine, but not
ithin the subacromial space. The infraspinatus did not
ake contact with the acromion. In contrast, in the
awkins position, impingement of the supraspinatus
ith the medial or anteromedial acromion was seen in
of 8 subjects (Figure 6), and infraspinatus contact with

Figure 5 Surface models of shoulder anatomy in neut
the shoulder anatomy in subject 6 demonstrates the
insertion (red) to the glenoid in the Neer position and
minimum distance vector from the supraspinatus inserti
in the Hawkins position. The infraspinatus insertion s
impingement position. B, The anterior view of the shou
lesser tuberosity and the subscapularis insertion (yello
positions. The minimum distance vector from the subsca
the subacromial position of the supraspinatus insertion

Figure 6 Subacromial impingement. The images are c
the Hawkins position; A is inferior to B, and C is super
grade 2 supraspinatus impingement are best appreciat
supraspinatus with the anteromedial acromion is best
he lateral or mid acromion was seen in 5 of 8 subjects. f
The lesser tuberosity and subscapularis tendon in-
ertion site were also significantly closer to the acro-
ion in the impingement positions than in the neutral
osition (Figure 4, A). Although the subscapularis

nsertion was significantly closer (P � .01) to the
cromion in the Neer position (12.8 � 3.2 mm) than

n the Hawkins position (20.2 � 4.5 mm), the inser-
ion site was not in close proximity to the acromion in
ither position. Contact of the subscapularis with the
cromion was not observed on the MR images for
ither impingement position.

oracoid impingement

The minimum distance between the lesser tuberos-
ty and the coracoid process decreased significantly

eer, and Hawkins positions. A, The posterior view of
mity of the greater tuberosity and the supraspinatus
acromion in the Hawkins position. The red line is the
the glenoid in the Neer position and to the acromion

lue) is not in close proximity to the scapula in either
natomy in subject 3 depicts the close proximity of the
the anterior glenoid in both the Neer and Hawkins

is insertion to the glenoid is shown in yellow. Also note
) and its close proximity to the distal acromion.

uous 2-mm-thick axial slices acquired with subject 6 in
B. A, The deformation and curvature associated with
the most inferior axial image. B and C, Contact of the
superiorly (white arrows).
ral, N
proxi
to the
on to
ite (b
lder a
w) to
ontig
ior to
rom 14.3 � 1.6 mm in the neutral position to 11.2 �
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.6 mm in the Neer position (P � .05) and 10.9 �

.3 mm in the Hawkins position (P � .01). Similarly,
he distance from the subscapularis insertion to the
oracoid decreased significantly from 14.6 � 1.8
m in the neutral position to 11.4 � 2.7 mm in the
eer position (P � .05) and 10.2 � 2.3 mm in the
awkins position (P � .01). There was no significant
ifference in the proximity of the lesser tuberosity (P �
69) and subscapularis insertion (P � .13) to the
oracoid process for the impingement positions. The
adiologic grading of the MR images revealed con-
act without deformation (grade 1) between the sub-
capularis and the coracoid process in 1 subject
laced in the Neer position and in 3 subjects placed

n the Hawkins position.

nternal impingement

The greater tuberosity was significantly closer to
he glenoid in the impingement positions than in the
eutral position (Figure 4, B). Both the infraspinatus
nd supraspinatus insertions were significantly closer
P � .01) to the glenoid in the Neer position than in
he Hawkins position (Figures 4, B, and 5, A). Fur-
hermore, the supraspinatus insertion was signifi-
antly closer (P � .001) to the glenoid than the
nfraspinatus insertion for both impingement posi-
ions. The distance from the supraspinatus insertion to
he glenoid decreased substantially from 35.0 � 2.8
m in the neutral position to 18.3 � 6.2 mm in the
awkins position and 8.3 � 2.5 mm in the Neer
osition.

Figure 7 Internal glenoid impingement. Both images w
position (A) and Hawkins position (B). In both cases
glenoid and produced deformation of the tendon (A) o
each case. Note that the location of impingement w
compared with impingement of the muscle in the Haw
In both impingement positions, contact of the su- s
raspinatus tendon with the posterosuperior glenoid
nd labrum was observed in all subjects (Figure 7).
adiologic grading results in the Neer position
howed deformation (grade 2) of the supraspinatus
uscle-tendon unit by the glenoid and labrum in 5 of
subjects. Supraspinatus contact with the labrum

ithout muscle or tendon deformation (grade 1) was
bserved in the 3 remaining subjects. In the Hawkins
osition, posterosuperior glenoid impingement with
eformation (grade 2) of the supraspinatus was ob-
erved in half of the subjects; supraspinatus-labrum
ontact without deformation (grade 1) was seen in the
emaining half of the subjects. The articular surface of
he infraspinatus did not make contact with the gle-
oid rim or labrum (grade 0) in either the Neer or the
awkins position.
The minimum distance from the lesser tuberosity to

he glenoid decreased significantly in the impinge-
ent sign positions compared with the neutral posi-

ion (Figure 4, B). Similarly, the subscapularis inser-
ion was significantly closer to the glenoid in the
mpingement positions than in the neutral position.
oth the lesser tuberosity and subscapularis insertion
ere significantly closer (P � .05) to the glenoid in

he Hawkins position than in the Neer position. The
inimum distance between the subscapularis inser-

ion and glenoid decreased significantly from 19.2 �
.0 mm in the neutral position to 5.4 � 2.5 mm in the
eer position and 3.7 � 2.0 mm in the Hawkins
osition (Figures 4, B, and 5, B).

The radiologic grading of impingement was con-

acquired in the axial plane with subject 7 in the Neer
upraspinatus made contact with the posterosuperior
scle (B); an impingement grade of 2 was assigned in
ore distal at the tendon in the Neer position (A) as
osition.
ere
the s
r mu
as m
istent with the close proximity of the subscapularis
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nsertion to the anterior glenoid. Contact without de-
ormation of the subscapularis (grade 1) with the
nterior labrum was observed in 7 of 8 subjects when
laced in the Neer position. Subscapularis contact
ith the labrum was seen in all 8 subjects when
laced in the Hawkins position; contact of the sub-
capularis without deformation (grade 1) was ob-
erved in 6 of 8 subjects, and deformation of the
ubscapularis (grade 2) was observed in the 2 re-
aining subjects (Figure 8).

ISCUSSION

Our study characterized the in vivo anatomy of the
eer and Hawkins impingement sign positions in 8
ormal subjects. The Neer position produced statisti-
ally significant narrowing of the subacromial space
ut did not elicit mechanical contact of the rotator cuff

endons with the acromion in any of the normal
ubjects. This absence of subacromial contact is ex-
lained by the posterior and medial location of the
reater tuberosity tendon insertion sites relative to the
nteroinferior acromion with the arm in the Neer
osition (Figure 5). In contrast, subacromial contact of
ither the supraspinatus or the infraspinatus was seen
n every subject during the Hawkins maneuver. Al-
hough the Hawkins position did not cause signifi-
antly greater subacromial narrowing than the Neer
osition, the Hawkins position did bring the supraspi-
atus and infraspinatus insertion sites significantly
loser to the acromion. In the Hawkins position, the

igure 8 Internal impingement of subscapularis. The image was
cquired in the axial plane with subject 3 in the Hawkins position.
he subscapularis tendon can be seen making contact with the
nterior glenoid and labrum with concomitant deformation (grade
impingement).
upraspinatus made contact with the medial acro- t
ion whereas the infraspinatus made contact with the
ateral aspect of the acromion (Figure 7, B). Our
maging study also revealed extensive contact of the
rticular surface of the rotator cuff with the glenoid
im in both the Neer and Hawkins impingement sign
ositions. For both positions, the supraspinatus inser-

ion was significantly closer to the glenoid than the
nfraspinatus insertion, which remained more lateral
o the glenoid (Figure 5, A).

ubacromial impingement

Subacromial contact of the rotator cuff during
houlder abduction and rotation has been character-
zed by cadaveric studies.6,7,14 In a study of 9 ca-
averic shoulders by Flatow et al,14 subacromial
otator cuff contact was not observed at 180° eleva-
ion but was seen in all shoulders at 90° elevation
ith 20° internal rotation. Brossmann et al6 and Burns
nd Whipple7 also observed subacromial contact of

he supraspinatus in cadaveric shoulders placed in
orward flexion and internal rotation. The results of
hese cadaveric studies are consistent with our obser-
ations.

The anatomic relationships within the subacromial
pace have been studied in vivo by MRI.23,25,38

raichen et al23,25 computed the minimum distance
rom the humerus to the acromion during abduction
nd rotation of the shoulder in normal subjects. In all
2 subjects, the minimum acromiohumeral distance
ector penetrated the supraspinatus during 90° ab-
uction with 45° internal rotation but passed lateral to

he supraspinatus during pure abduction of 120° or
reater. This finding is consistent with our observation

hat in the Neer position, the supraspinatus tendon
as medial to the anteroinferior acromion, with its

nsertion in close proximity to the posterosuperior
lenoid (Figure 5, A, middle panel).

The anatomy of the Neer and Hawkins maneuvers
as been characterized recently by skeletal12 and
adaveric40 studies. Edelson and Teitz12 placed skel-
tal shoulder specimens in both the Neer and
awkins sign positions and reported contact between

he humerus and acromion only in the Neer position.
owever, this acromial contact always took place at

he surgical neck of the humerus, well beyond the
otator cuff insertion sites. This finding compares well
ith our surface models of the Neer position, which

eveal that the anterolateral acromion was located
istal to the tuberosity insertion sites, near the neck of

he humerus (Figure 5, middle panels). Valadie et al40

haracterized the anatomy of 9 cadaveric shoulders
laced in either the Neer or Hawkins position. In
ontrast to our study, acromial contact with the
reater tuberosity and rotator cuff tendons was more
ommon in the Neer position (5/5 shoulders) than in

he Hawkins position (2/4 shoulders).40 This may be
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ecause of inherent differences between a cadaveric
tudy and an in vivo study.

Using an open MRI scanner, Roberts et al35 as-
essed subacromial impingement in 10 asymptomatic
olunteers placed in both impingement sign positions.
echanical contact between the rotator cuff and ac-

omion was not observed in either position. Although
his observation differs from our findings, they did
easure a significant decrease in the acromiohum-
ral interval relative to the rotator cuff thickness in the
awkins position. The methodology of this previous in
ivo study differed from ours with regard to subject
ositioning (seated vs supine), as well as loading
onditions (an internal rotation force was not applied
n the previous study). In addition, Roberts et al mea-
ured distances directly from coronal or sagittal im-
ges; a 3D minimum distance analysis was not per-
ormed. The presence of internal impingement
ositions was not assessed by Roberts et al.

oracoid impingement

Coracoid impingement syndrome is characterized
y anterior pain over the coracoid resulting from
epeated arm flexion and internal rotation; continu-
us contact between the coracoid and the lesser

uberosity during this motion is believed to cause
amage to the subscapularis tendon.36 In our study
ontact of the subscapularis with the coracoid process
as observed in 1 subject in the Neer position and in
in the Hawkins position. This contact is expected in

he Hawkins position, as impingement of the rotator
uff on the coracoid process has been demonstrated
uring forward flexion to 90° combined with internal
otation.11,19,20,36 In fact, the coracoid impingement
osition of cross-arm adduction, forward elevation,
nd internal rotation11,13 is very similar to the
awkins position. Using cine MRI, Friedman et al15

etermined that the coracohumeral interval averaged
1 mm in asymptomatic subjects during maximum

nternal rotation of the shoulder. This measurement
grees exactly with the mean minimum distance in the
awkins position measured in our study.

nternal impingement

The concept of internal impingement in the shoul-
er describes intraarticular contact between the rota-

or cuff and glenoid rim.9,31,41 Contact between the
rticular surface of the supraspinatus and infraspina-

us tendons and the posterosuperior glenoid rim with
houlder abduction and external rotation has been
emonstrated in arthroscopic,9,31,41 cadaveric,28

nd MRI39 studies.
Our study demonstrated a significant reduction in

he distance between the greater tuberosity and gle-
oid in the Neer and Hawkins impingement sign

ositions, with concomitant contact between the su- m
raspinatus and posterosuperior glenoid in all sub-
ects. Our in vivo observations are consistent with the
tudies of skeletal specimens by Edelson and Teitz12

nd cadaveric shoulders by Valadie et al.40 Edelson
nd Teitz recorded contact between the supraspina-

us facet of the greater tuberosity and the glenoid in
6 of 30 shoulder specimens placed in the Neer
osition and in 25 of 30 specimens placed in the
awkins position. Valadie et al observed consistent
ontact between the undersurface of the rotator cuff
endons and the glenoid rim.

In our study the Neer and Hawkins positions
rought the lesser tuberosity and subscapularis ten-
on insertion site into close proximity with the anterior
lenoid rim. As a consequence, the deep surface of

he subscapularis made contact with the anterior gle-
oid and labrum in all subjects when placed in the
awkins position and in all but 1 subject when placed

n the Neer position. Cadaveric,37 imaging,34,37 and
rthroscopic18 studies have documented that lesions
f the subscapularis tendon develop on the deep
urface of the tendinous insertion.

imitations

A potential limitation of our study was the limited
umber of subjects, all of whom were normal volun-
eers without shoulder pathology. Additional studies
re needed to clarify the anatomic relationships in
atients with subacromial impingement syndrome.
ubacromial pathology, such as acromioclavicular
oint degeneration,5 and glenohumeral instability21

an alter anatomic relationships and contribute to
ubacromial contact and the development of impinge-
ent syndrome.4 Entities such as increased soft-tissue
olume in the subacromial space or superior humeral
ubluxation would be expected to increase the extent
f subacromial contact.14 Differences in acromiohum-
ral distance23,24 and subacromial rotator cuff con-
act38 have been documented between normal sub-
ects and patients with subacromial impingement
yndrome.

The image resolution and slice thickness of our MR
mages were limited by the total scan time allowed for
ach shoulder position; the signal-to-noise ratio was
imited by the 0.5-T field strength of the open MR
canner. To maximize MR image quality, subjects
ere imaged in a supine position, rather than a

eated position, with the right shoulder near the iso-
enter of the scanner magnetic field. The resolution of
he MR images limited precise mapping of the rotator
uff insertion sites to within approximately 1 to 1.5
m. Because of the rapid decay of their MR signal, it
as difficult to visualize the entire length of ligamen-

ous structures with short T2 relaxation times such as
he coracoacromial, coracohumeral, and glenohu-

eral ligaments. Additional studies using a high sig-
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al-to-noise ratio and contrast enhancement would be
equired to further elucidate the in vivo anatomy of
tructures such as the coracoacromial ligament, which
lay an important role in subacromial impinge-
ent.6,7,40

linical significance

The results of our study suggest that the Hawkins
osition elicits substantially greater subacromial con-

act of the rotator cuff than does the Neer position.
ost studies report that subacromial space narrowing

nd rotator cuff impingement occur most commonly in
he middle range of elevation, between 60° and
20°.14,23,33 Therefore, it is not surprising that the
eer sign position, with the arm in full elevation,
ould not maximally compress the rotator cuff under

he acromion.14 Our results are also consistent with
everal studies that found that the combination of
orward flexion and internal rotation brings the
reater tuberosity into closest proximity to the antero-

nferior acromion and maximizes contact of the su-
raspinatus tendon.6,7,14,26,35

Several studies have demonstrated that the Neer
nd Hawkins signs are sensitive, but poorly specific,
linical tests for diagnosing subacromial impingement
yndrome.8,29,30 Calis et al8 reported that the Neer
nd Hawkins signs had a sensitivity of 89% and 92%,
espectively, but a specificity of only 31% and 25%,
espectively, for subacromial impingement syndrome.
imilarly, an arthroscopic study by MacDonald et
l30 reported that the Neer and Hawkins signs had a
igh sensitivity for subacromial bursitis (75% and
2%, respectively) and for rotator cuff tearing (83%
nd 88%, respectively). However, the Neer and
awkins signs were also positive in 25% and 31% of
atients with Bankart lesions and 46% and 69% of
atients with superior labrum anterior-posterior le-
ions, respectively.30

Our results confirm the findings of recent skeletal12

nd cadaveric40 studies, which suggest that internal
mpingement is elicited by the Neer and Hawkins
aneuvers, suggesting that intraarticular contact of

he rotator cuff with the glenoid occurs physiologically
n normal subjects and may play a role in the devel-
pment of rotator cuff pathology, which often origi-
ates on the deep surface of the rotator cuff ten-
ons.17,22,32

We gratefully acknowledge the helpful suggestions and
ssistance of Dr Gordon Campbell.
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