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Purpose: The purpose of this study was to measure in vivo axial-plane translation of the glenohu-
meral joint by use of magnetic resonance imaging in patients with and without SLAP lesions between
the conventional adducted neutral rotation (AD) view and an abducted externally rotated (ABER)
view. Methods: Seven patients with an intraoperative SLAP lesion that was unstable and required
repair were selected into the SLAP group. Although they did not have normal shoulders, 15 patients
were selected into the control or comparison group, most of whom had rotator cuff pathology. The
glenohumeral contact point (CP) and humeral head center (HHC) were calculated and compared with
the glenoid surface as a relative anterior or posterior translation. The relative posterior translation
between the ABER and AD views for each patient was calculated as ACP and AHHC. These values
were compared between the SLAP and control groups. Results: There was a significant difference
in ACP between the SLAP and control groups (3.62 v 0.79 mm of relative posterior translation, P =
.005). There was not a similar significant difference found in AHHC between the SLAP and control
groups (3.19 mm v 1.48 mm of relative posterior translation, P = .14). There was a significant
difference between the mean translations of the SLAP-ABER group and the SLAP-AD group for
both CP (—3.65 mm v —0.04 mm, P = .008) and HHC (—2.22 mm v +0.97 mm, P = .03). The
difference between the control-ABER group and the control-AD group was not as pronounced.
Conclusions: The magnetic resonance imaging ABER view in patients with unstable SLAP lesions
requiring repair showed in vivo glenohumeral posterior translation relative to the adducted neutral
rotation view of greater than 3 mm. Clinical Relevance: This finding furthers the understanding of

Abnormal Translation in SLAP Lesions on Magnetic Resonance

the pathokinematics in SLAP lesions.

he humeral head remains well centered on the

glenoid with very minimal translation throughout
a large rotational range of motion.!-3 Abnormal trans-
lations of the glenohumeral joint can occur with soft-
tissue lesions such as anterior-inferior translation with
a Bankart lesion or superior translation with rotator
cuff tear arthropathy.? In addition, soft-tissue contrac-
ture or capsulorrhaphy procedures can cause obligate
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translation.3-> SLAP lesions also have been shown in
cadaveric models to be associated with pathologic
translation and instability.5'> One study found in-
creased instability in vivo in the anterior-to-posterior
directions in patients with SLAP tears with external
load application.!3 Further in vivo studies are needed
to confirm many of the cadaveric study findings of the
pathokinematics in SLAP lesions.

It can be difficult to make an accurate diagnosis of
a SLAP lesion because of concurrent shoulder pathol-
ogy and the lack of high sensitivity and specificity in
physical examination and imaging techniques.!* Ar-
throscopy is considered the gold standard tool to di-
agnose SLAP lesions.!* Magnetic resonance imaging
(MRI) with or without arthrography is often obtained
preoperatively to substantiate the clinical history and
examination findings and to evaluate other potential
shoulder lesions.'* MRI obtained with the shoulder in
an abducted externally rotated (ABER) view has been
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TABLE 1. Patient Demographics
Patient No. Group Age (yr) Gender Preoperatively Postoperatively Procedure
1 SLAP 27 M SLAP type II Same Repair
2 SLAP 29 M SLAP type II Same Repair
3 SLAP 22 M SLAP type II Same Repair
4 SLAP 19 F SLAP type II Same Repair
5 SLAP 27 M SLAP type II Same Repair
6 SLAP 20 M SLAP type V Same Repair
7 SLAP 46 M SLAP type II Same Repair
8 Control 46 M SLAP type I, LB Same + DJD Debridement
9 Control 23 F PT-RTC, SLAP type I Same Debridement
10 Control 53 M RTC-SST, SLAP type 1 Same Repair, debridement
11 Control 42 M SAB, SLAP type I Same SAD, debridement
12 Control 49 F RTC-SST Same + SLAP type I Repair, debridement
13 Control 46 M RTC-SST Same + SLAP type I Repair, debridement
14 Control 49 M RTC-SST Same Repair
15 Control 39 M RTC-SST Same Repair
16 Control 39 M RTC-SST Same Repair
17 Control 34 M RTC-SST Same Repair
18 Control 45 M RTC-SST Same Repair
19 Control 19 F RTC-SST Same Repair
20 Control 53 M RTC-SSC Same Repair
21 Control 42 M RTC-SST Same Revision repair
22 Control 28 M PT-RTC, SAB Same Debridement, SAD

Abbreviations: LB, loose body; DJD, degenerative joint disease; PT-RTC, partial-thickness rotator cuff tear; RTC, rotator cuff tear; SST,
supraspinatus; SAB, subacromial bursitis; SAD, subacromial decompression; SSC, subscapularis.

used to improve visualization of the undersurface of
the rotator cuff for evaluation of internal impingement
and in evaluating the anterior labroligamentous com-
plex for instability lesions.!>"'7 To our knowledge,
there is no study describing the use of MRI ABER
views in the assessment of SLAP lesions.

The purpose of this study was to measure in vivo
axial-plane translation of the glenohumeral joint by
use of MRI in patients with and without SLAP lesions
by comparing the conventional adducted neutral rota-
tion (AD) position with an ABER position. We hy-
pothesized that the ABER view would show a poste-
rior translation of the humeral head on the glenoid in
the SLAP group only when compared with the tradi-
tional arm-at-the-side neutral rotation view.

METHODS

All shoulder arthroscopy cases at our institution
from January 2005 through August 2006 were retro-
spectively reviewed. Patients who had preoperative
MRI with ABER views available were selected. The
ABER view sequences were performed by our radi-
ology department for all shoulder MRI arthrograms
during that time period. All patients selected had com-
plaints of pain, weakness, or both. None of the se-

lected patients had preoperative complaints of insta-
bility or recurrent dislocation. Patients with a SLAP
lesion diagnosed intraoperatively that required repair
were selected as the SLAP group (Table 1). The
remaining patients had other shoulder pathology (Ta-
ble 1). Although they did not have normal shoulders,
they were used as the control or comparison group.
All of the MRI scans were performed in our insti-
tution’s radiology department with a GE 3.0-T closed
system with a shoulder coil (GE Healthcare, Bucking-
hamshire, England). An arthrogram technique with a
gadolinium injection performed under fluoroscopic
guidance was used. The images were obtained in
Digital Imaging and Communications in Medicine
(DICOM) format (National Electrical Manufacturers
Association, Rosslyn, VA) and were evaluated by use
of 3D-DOCTOR software (Able Software, Lexington,
MA). An axial T1 fat-suppression sequence with the
standard arm-at-the-side neutral rotation (AD) view was
evaluated. The same axial sequence with the ABER
position (shoulder in 90° of abduction and external ro-
tation with the palm of the hand placed behind the head)
was evaluated for comparison (Fig 1). The image with
the maximum glenoid anterior-to-posterior diameter
within each sequence was used for analysis. The resolu-
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Ficure 1. MRI AD and ABER
view images at maximal glenoid
diameter in axial plane.

tion of the MRI sequences was 0.54 X 0.54 mm in the
axial plane with 3 mm between slices.

The glenohumeral translation in the anterior-to-pos-
terior direction relative to the glenoid face was mea-
sured by use of the glenohumeral contact point (CP)
and humeral head center (HHC). For each image,
points were marked corresponding to the anterior and
posterior rim of the glenoid face. A tangential line to
the humeral articular surface that was parallel to the
glenoid face was used to mark the CP (intersection
point of humeral articular surface) (Fig 2). The ante-
rior or posterior translation of the CP relative to the
center of the glenoid face was calculated in millime-
ters. Anterior translation was calculated as a positive
value, whereas posterior translation was calculated as
a negative value.

To calculate the HHC, it was assumed that the
humeral articular surface was spherical.!'® An anterior
point and a posterior point were marked on the surface
to form an arc. By use of these 2 points, the HHC was
calculated with geometry!'® (Fig 3). The anterior or
posterior translation of the HHC relative to the center
of the glenoid face was calculated in millimeters.
Again, anterior translation was calculated as a positive
value, whereas posterior translation was calculated as
a negative value.

Statistical analysis was performed with the Student
t test. The significance level was set at P = .05. We

performed a power analysis that showed that a sample
size of 7 patients per group was needed to detect a
difference of 1.5 times the SD between the means of
2 independent samples at 80% power (3 = .2) with
a = .05. For each patient, the difference between the
translation in the AD view and that in the ABER view
for the CP and HHC was calculated as relative poste-
rior translation in millimeters. These calculated differ-
ences were termed ACP and AHHC. They were com-
pared between the SLAP and control groups by use of
a 2-sample ¢ test analysis.

In addition, the images were divided into 4 groups:
control-AD view, control-ABER view, SLAP-AD
view, and SLAP-ABER view. The mean translations
for the CP and HHC for each of the 4 groups were
calculated and used to compare differences between
them. The control-AD group, was compared with the
control-ABER group and the SLAP-AD group was
compared with the SLAP-ABER group by use of a
paired ¢ test analysis. The control-AD group was com-
pared with the SLAP-AD group, and the control-
ABER group was compared with the SLAP-ABER
group by use of a 2-sample ¢ test analysis.

RESULTS

There were 142 shoulder arthroscopy cases at our
institution during the time period reviewed. Of these,

Ficure 2. Glenohumeral CP
calculation using a tangential
line to humeral articular sur-
face that was also parallel to
glenoid face. This shows pos-
terior translation in the ABER
view relative to the AD view.
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22 had preoperative MRI with ABER views available.
Seven patients were diagnosed intraoperatively with a
SLAP lesion that required repair, whereas fifteen were
diagnosed with other shoulder pathology and were
used as the control or comparison group (Table 1).
Within the SLAP group, 6 patients had a type II lesion
and 1 had a type V lesion.!420 The patient with the
type V lesion who had a SLAP and Bankart repair had
a preoperative complaint of only pain and not of any
instability. None of the patients in this group had prior
same-side surgery. There were 6 men and 1 woman in
the SLAP group. The mean age was 27 years, with a
range of 19 to 46 years.

Among the 15 patients in the control group, 6 had
superior labral fraying consistent with a type I SLAP
lesion that was treated with debridement (Table 1).
These patients also had other concurrent shoulder
pathology. They were not included in the SLAP group
because they did not have an unstable labral tear that
required repair. The most common shoulder pathology
in the control group involved the rotator cuff. Ten
supraspinatus tears including one retear after previous
repair and one subscapularis tear were repaired. Two
partial-thickness articular-sided supraspinatus tears
were debrided. Only 1 patient in this group had prior
same-side shoulder surgery as previously noted. There
were 12 men and 3 women in the control group. The
mean age was 40 years, with a range of 19 to 53 years.

There was a significant difference in ACP between
the SLAP and control groups (3.62 mm v 0.79 mm of
relative posterior translation, P = .005) (Fig 4). There
was not a similar significant difference found in
AHHC between the SLAP and control groups (3.19
mm v 1.48 mm of relative posterior translation, P =
.14). The control group was divided into the 6 patients
with a type I SLAP lesion (control-2 group) and the 9
patients with no SLAP lesion (control-3 group) for
subgroup analysis. There were no significant differ-
ences between the SLAP and control-2 groups for
ACP (3.62 mm v 1.74 mm, P = .12) or AHHC (3.19

Ficure 3. HHC calculation
using 2 points on arc of spherical
articular surface. Data from ref-
erences'®!® This shows poste-
rior translation in the ABER
view relative to the AD view.

mm v 1.08 mm, P = .14). There was a significant
difference between the SLAP and control-3 groups for
ACP (3.62 mm v 0.15 mm, P = .005) but not for
AHHC (3.19 mm v 1.75 mm, P = .32). There were no
significant differences between the control-2 and con-
trol-3 groups for ACP (1.74 mm v 0.15 mm, P = .08)
or AHHC (1.08 mm v 1.75 mm, P = .58).

There was a significant difference between the
mean translations of the SLAP-ABER group and the
SLAP-AD group for both CP (—3.65 mm v —0.04
mm, P = .008) and HHC (—2.22 mm v +0.97 mm,
P = .03) (Figs 5 and 6). There was no difference
between the control-ABER group and the control-AD
group for CP (—1.04 mm v —0.25 mm, P = .10), but
there was a small difference for HHC (—0.75 mm v
+0.73 mm, P = .02). There was a significant differ-
ence between the mean translations of the SLAP-
ABER group and the control-ABER group for CP
(—3.65 mm v —1.04 mm, P = .007) but not for HHC
(—2.22 mm v —0.75 mm, P = .12). There was no
difference between the SLAP-AD group and the con-
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Ficure 4. The relative posterior translations of ACP and AHHC
were greater in the SLAP group than in the control group. This
difference was statistically significant only for ACP.
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FIGURE 5. Mean translations for glenohumeral CP for each group
were compared. There was a statistically significant posterior trans-
lation of the SLAP ABER group relative to the SLAP AD group.
This was not present in the control group.

trol-AD group for both CP (—0.04 mm v —0.25 mm,
P = .78) and HHC (+0.97 mm v +0.73 mm, P = .74).

DISCUSSION

The findings of this study confirmed our hypothesis
that the humeral head translated posteriorly relative to
the glenoid in the ABER view when compared with
the AD view in patients with unstable SLAP lesions
requiring repair. This finding was more pronounced
when using the CP to measure relative translation than
when using the HHC. The relative posterior transla-
tion consistently measured over 3 mm, which may be
clinically relevant given that the mean glenoid diam-
eter measured was 29.4 = 0.86 mm (95% confidence
interval) on the axial images studied. This finding
furthers the understanding of pathokinematics in
SLAP lesions. It could potentially be useful as an
extra sign to look for in addition to clinical history,
physical examination, MRI appearance, and arthro-
scopic appearance when evaluating and managing un-
stable SLAP lesions.

There was not a consistent finding in the control
group of posterior translation on the ABER view
relative to the AD view. The relative posterior trans-
lation measured from under 1 mm up to 1.5 mm. All
of the statistical comparisons except for 1 were not
significant. Thus the persistent difference found in the
SLAP group was not found in the control group be-
tween the ABER and AD views. Further analysis of
the subgroup of patients in the control group with type
I SLAP lesions did find a difference from the SLAP

group of approximately 2 mm of relative posterior
translation in the latter, although this was not statisti-
cally significant. The subgroup of patients with no
SLAP lesions within the control group was signifi-
cantly different from the SLAP group, with a similar
finding of greater than 3 mm of relative posterior
translation in the latter.

There could be several potential explanations for
this posterior translation measured in the SLAP group.
One reason could be that the superior labrum, espe-
cially the posterior superior labrum, could provide a
centering or stabilizing effect. When this labrum is
disrupted and unstable, this effect could be lost, re-
sulting in posterior translation in the ABER position.
Another reason could be that a posterior capsule con-
tracture could lead to obligate posterior translation in
the ABER position. This contracture can be a patho-
logic finding in a symptomatic thrower’s shoulder and
can be associated with a SLAP lesion, internal im-
pingement, anterior shoulder instability, and scapular
dyskinesia.?!-23 The posterior contracture and result-
ing posterior translation could be a causative factor of
SLAP lesions with this theory.

Many of the cadaveric studies on SLAP lesions also
show abnormal motion.®-!2 Most of these studies used
external loading to test for stability of varying ana-
tomic lesions including SLAP lesions and their sub-
sequent repairs.>%!! Although these studies show gle-
nohumeral instability, they do not evaluate the joint’s
pathokinematics with routine motion. In contrast, our
study did not evaluate for instability with external
loading but, rather, looked at humeral head centering

Humeral Head Center (HHC)

SLAP AD-view
14 Control AD-view ]

Control ABER-view
u

-2 SLAP ABER-view
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FIGURE 6. Mean translations for HHC for each group were com-
pared. There was a statistically significant posterior translation of
the SLAP ABER group relative to the SLAP AD group. There was
also a significant difference in the control group, but it was smaller.
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with extreme positioning in a static unloaded situation
in various patient groups in vivo.

The other 2 cadaveric studies evaluated abnormal
translation with varying humeral rotation in simulated
throwers’ shoulders without an external load to test for
stability as part of their experiment.!%12 These studies
evaluated the effect of simulated posterior capsular
contracture and anterior capsular laxity on the patho-
kinematics of SLAP lesions. They found that in the
normal shoulder, translation occurred in a posterior-
inferior direction in the cocking position.'? The cock-
ing position consists of abduction, external rotation,
and extension; this is in contrast to our study, in which
the flexion-extension positioning was neutral (i.e., in
the scapular plane).

We found 1 prior in vivo study of patients with
SLAP lesions.!? This study, like many of the cadav-
eric studies discussed earlier, evaluated anterior-to-
posterior stability with a load-and-shift type of mea-
surement. It found increased excursion relative to the
normal contralateral side and relative to postoperative
repairs.

The strengths of our study are that it measures
translation in vivo rather than in cadaveric specimens.
In addition, we diagnosed the SLAP lesions arthro-
scopically, rather than relying solely on clinical ex-
amination and MRI findings. Furthermore, we mea-
sured 2 different points (CP and HHC) on the humeral
head for position analysis with routine shoulder rota-
tion, rather than using an external load application to
test for instability.

The limitations of our study included a small num-
ber of cases. Of the 142 total cases, 26 had arthro-
scopically diagnosed SLAP lesions but only 13 had
the required preoperative MRI scans. Of these, only 7
had unstable SLAP lesions requiring repair. In addi-
tion, the control group did not comprise normal
asymptomatic contralateral shoulders, which would
have been the ideal control group. Most of the patients
in the control group had rotator cuff pathology, which
could have resulted in a false-negative result showing
no difference between the AD and ABER views in the
control group. Furthermore, the fluid from the arthro-
gram could have resulted in a false-positive difference
in the SLAP group because the SLAP group likely had
increased joint pressure from the contained fluid, re-
sulting in altered joint dynamics, whereas in the con-
trol group the fluid could have escaped through the
rotator cuff tear. Finally, evaluating coronal-plane
translation (i.e., superior or inferior translation), eval-
uating multiple shoulder positions (i.e., mid-range ab-
duction and a flexed, adducted, and internally rotated

position), and possibly evaluating a dynamic rather
than static situation with future improvements in im-
aging technology could provide further useful infor-
mation.

CONCLUSIONS

The MRI ABER view in patients with unstable
SLAP lesions requiring repair showed in vivo gleno-
humeral posterior translation relative to the adducted
neutral rotation view of greater than 3 mm.
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