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Objective: To compare the effects of shoulder bracing on
active joint-reposition sense in subjects with stable and unsta-
ble shoulders.

Design and Setting: Two subject groups, with stable and
unstable shoulders, participated in an active joint-reposition test
of the shoulder under braced and unbraced conditions.

Subjects: Forty subjects (22 men, 18 women; age = 21.85
+ 3.12 years; height = 173.97 = 10.08 cm; weight = 71.27 =+
11.68 kg) were recruited to participate in this study. Twenty
Division | athletes were referred to us for shoulder instability,
which was subsequently confirmed with clinical assessment.
The remaining 20 subjects were recruited from a similar student
population and assessed as having stable shoulders.

Measurements: Each subject’s ability to perceive joint po-
sition sense in space was tested by actively reproducing 3 pre-
set angles (10° from full external rotation, 30° of external rota-
tion, and 30° of internal rotation) with and without a shoulder

brace. Full, active external-rotation range of motion was as-
sessed before active joint-reposition sense testing.

Results: While wearing the shoulder brace, the group with
unstable shoulders demonstrated significant improvement in
the accuracy of active joint repositioning at 10° from full external
rotation in comparison with the stable group. Furthermore,
those with unstable shoulders demonstrated significantly less
full external rotation than did those with stable shoulders, and
the brace reduced full external rotation only for those with stable
shoulders.

Conclusions: Our findings suggest that shoulder active joint-
reposition sense in subjects with unstable shoulders can be im-
proved at close to maximal external rotation by wearing a shoul-
der brace. This effect does not appear to be related to
restriction of shoulder external rotation.
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therefore, coordinated dynamic control of the muscles
about the joint is necessary for stability during arm mo-
tion.! Shoulder instability is a clinical condition in which the
patient is unable to control the translation of the humeral head
during dynamic functional activities, thus compromising the
comfort and function of the shoulder.2 Many patients who suf-
fer initial dislocations continue to complain of symptomatic
instability without actual redislocation. Patients may complain
of not “‘trusting the shoulder” or a feeling of it **slipping in
and out.”3 The lack of dynamic muscular control may be due
to deficits in proprioception, which may occur as the gleno-
humeral joint’s mechanism of providing feedback for reflexive
muscular contraction is interrupted.14-6
Several authors have studied the effect of shoulder instabil-
ity on proprioception and found that passive joint-reposition
sense is negatively affected by injury.147 Subjects who have
chronic, traumatic anterior shoulder instability demonstrate def-

The shoulder joint sacrifices stability for mobility and,

icits in passive reproduction of passive positioning when com-
pared with the contralateral normal shoulder and when com-
pared with healthy individualsy’ As a result of stress and
injury to the support structures of the glenohumeral joint, def-
icits in joint and muscle receptor input compromise the indi-
vidual’s ability to process proprioceptive information.1:47

Various bracing devices and taping techniques are used by
athletic trainers prophylactically or when returning an athlete
to play after injury. These methods provide stability8 and
aid in decreasing proprioceptive deficits that result from in-
jury.10-12 Extensive literature exists on bracing of the ankle
and knee in the lower extremity,1011.13-20.21 and elastic knee
bandages have been shown to have positive effects on joint
position sense 11.1317.1921 |n hoth healthy and injured individ-
uals, application of a knee bandage!113.17.19.21 gnd taping or
bracing of ankles!620.22 improved joint position as measured
through reproduction of a set joint angle.

No studies concerning the effect of shoulder bracing on joint

Journal of Athletic Training 141



position sense were found in our literature search for this pa-
per. Based on findings from knee and ankle bracing studies,
we hypothesized that a neoprene shoulder stabilizer for ante-
rior glenohumeral instability would enhance joint position
sense. Enhanced joint position sense may be a result of stim-
ulation of cutaneous nerve receptors or mechanoreceptors in
the muscles, ligaments, and joint capsule, or both.1116 |t is
speculated that enhanced neuromuscular feedback as a result
of bracing and taping may possibly help decrease future in-
cidences of injury.1116 |f the use of a shoulder brace helps to
increase active joint-position sense, the improved propriocep-
tive mechanisms may help prevent recurring dislocations, sub-
luxations, or feelings of instability. Therefore, the purpose of
our study was to examine the effect of a neoprene shoulder
stabilizer on active joint-reposition sense in subjects with sta-
ble and unstable shoulders.

METHODS

Subjects

Forty subjects volunteered to participate in this study and
completed an informed consent form approved by the insti-
tutional review board, which approved the study. All subjects
were asked to complete a subject information questionnaire
that included information such as height, weight, shoulder
dominance, and any history of shoulder problems. The com-
position of each group was based on whether a previous
dislocation was experienced. Group 1 subjects (stable group)
(n = 20: 10 men, 10 women, age = 21.9 = 2.5 years; height
= 1724 = 12.3 cm; weight = 68.6 = 10.5 kg), were re-
cruited from the University population and had no self-re-
ported history of a prior shoulder dislocation and no history
of existing shoulder problems. Group 2 subjects (unstable
group) (n = 20: 12 men, 8 women, age = 21.8 + 3.7 years;
height = 175.6 = 7.2 cm; weight = 73.9 = 12.5 kg) con-
sisted of Division | athletes who had a self-reported history
of one or more anterior glenohumeral dislocations and had
not had surgery to correct the instability. These subjects were
referred to us by individuals familiar with the subject’sinjury
history. The unstable group provided additional information
on the questionnaire by elaborating on their complaints of
instability such as feelings of not trusting the shoulder or of
it “giving out.” Clinical tests (apprehension test and anterior-
posterior translation test) were performed only on the unsta-
ble group by the same certified athletic trainer (J.C.C.) to
assess each subject’s instability. These tests were performed
in order to assess instability clinically, and the data gathered
were considered along with the subjective complaints of each
subject. Clinical tests were not performed on the stable group
because we were not testing for shoulder laxity or congenital
instability. Although the degrees of instability differed among
subjects, all subjects in our unstable group met our criteria
of having experienced a prior dislocation and demonstrating
positive results on the clinical tests.

Bracing

The Sully Shoulder Stabilizer (The Saunders Group Inc,
Chaska, MN) was used in this study (Figure 1). The brace is
made of perforated, breathable neoprene, which grips the skin.
Elastic straps attached with hook-and-loop tape serve to func-

Figure 2. Positioning for active joint-reposition sense testing.

tionally stabilize, assist, or restrict movement according to the
specific needs of the athlete.

Assessment of Active Joint-Reposition Sense

The Cybex 11 isokinetic dynamometer (Lumex, Ronkonko-
ma, NY) was used to test active joint-reposition sense (Figure
2). The dominant shoulder, defined as the subject’s throwing
arm, was tested in the stable group, and the affected shoulder
was tested in the unstable group. Each subject was positioned
supine on the Upper Body Exercise Table (UBXT) (Lumex,
Ronkonkoma, NY), with the shoulder joint axis aligned with
the axis of rotation of the Cybex. The subject’s upper extrem-
ity was placed in 90° of elbow flexion, 90° of shoulder ab-
duction, and forearm pronation. The testing arm was strapped
into the Cybex |1 shoulder rotation device with an elastic wrap
placed around the forearm and wrist to minimize cutaneous
sensation. A blindfold and headphones playing white noise
were placed on the subject to decrease visual and audio cues,
respectively. The order of testing with the shoulder brace on
or off and the order of the preset testing angles were counter-
balanced (ie, aternated).

Before initiating the testing procedure, full external rotation
was measured by having the subject actively externally rotate
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Table 1. Joint-Reposition Sense Absolute Error Scores (Mean = Standard Error) (°)

10° from Full External Rotation

30° of External Rotation

30° of Internal Rotation

Group Unbraced Braced Unbraced Braced Unbraced Braced
Stable 8.10 = 1.0 8.85 = 0.93 5.45 + 0.6 6.02 = 0.8 5.37 + 0.6 3.58 + 0.41
Unstable 8.37 = 1.3 4.55 = 0.65* 5.92 = 0.89 5.03 = 0.99 4.80 = 0.68 4.82 £ 0.59

*Significant change from the stable group and the unbraced condition.

Table 2. External Rotation Range of Motion (Mean %= Standard
Error) (°)

Group Unbraced Braced Group Mean
Stable 121.55 = 434 111.15 + 4.04* 116.35 = 3.0
Unstable 96.35 = 6.62f 96.45 + 6.641 96.4 *+ 4.631
Condition Mean 108.95 * 4.4 103.8 = 4.01*

*Significantly less than the unbraced condition.
TSignificantly less than the stable group.

the testing shoulder while supine on the UBXT. Ten degrees
were subtracted from full external rotation, and this angle was
designated as the preset angle, 10° degrees from full external
rotation. This preset angle differed for the braced and unbraced
conditions because full external rotation should have been lim-
ited by wearing the shoulder brace. The other 2 preset angles
(30° of external rotation and 30° of internal rotation) remained
unchanged for the 2 test conditions.

To test active joint-reposition sense, each subject was in-
structed to slowly move the shoulder from neutral rotation (90°
of shoulder abduction and 0° of internal rotation/external ro-
tation) to one of the 3 preset target angles: 10° from full ex-
ternal rotation, 30° of external rotation, and 30° of internal
rotation. Once the target angle had been reached, the electric
goniometer was turned off and the shoulder held in this po-
sition for 10 seconds while the subject concentrated on this
target angle. The subject then actively returned the shoulder
to the starting position by moving to a mechanical stop set at
0°. After a 5-second pause, the subject was asked to actively
reposition the shoulder and to say ‘““stop” when he or she felt
the previous target angle had been reached. The angle at which
the subject stopped was recorded and subtracted from the ini-
tial preset angle. This difference was termed the degree of
error. The procedure was repeated 2 more times at the same
angle for atotal of 3 trials. An average of the absolute value
of the 3 errors was used for statistical analysis. This procedure
was repeated for the remaining target angles.

The above procedure was repeated for either the braced or
unbraced condition (depending on what was tested first) im-
mediately after testing under the first condition. To offset po-
tentia learning effects, the 2 testing conditions and the 3 test
angles were counterbalanced.

Assessment of Range of Motion

To test the effects of the brace on joint range of motion,
maximum external rotation of the braced and unbraced con-
ditions was compared for the stable and unstable shoulder
groups. All range-of-motion testing was done before joint re-
position-sense testing.

Data Analysis

For joint reposition sense, the average error scores were
analyzed using a mixed-design analysis of variance (ANOVA)

with group (stable, unstable) as the between-subjects variable
and test condition (braced, unbraced) and angle (10° from full
external rotation, 30° of external rotation, and 30° of internal
rotation) as the 2 within-subjects variables. For range of mo-
tion, a separate mixed-design ANOVA was completed with
group and bracing as between and within factors, respectively.
Tukey post hoc analyses were performed for significant ef-
fects. An apha level of P < .05 was set for al statistical
analyses.

RESULTS

The ANOVA for joint reposition sense revealed asignificant
brace-by-angle-by-group interaction (F, 76 = 5.271, P < .05).
Tukey post hoc analysis revealed that at 10° from full external
rotation, the unstable group had significantly less mean error
when tested under the braced condition in comparison with
the unbraced condition (Table 1). At 10° from full external
rotation, subjects had a significantly greater mean degree of
error score (7.5° = 0.562°) than at 30° of external rotation
(5.6° = 0.492°) and 30° of internal rotation (4.6° = 0.314°).
There was no significant difference in subjects mean error
between 30° of external rotation and 30° of internal rotation.
A main effect for test angle was aso found (F,7s = 8.804,
P < .001) but not considered important based on the presence
of the interaction. We noted no main effect (F; 35 = 3.454,
P = .071, observed power = .44) for braced versus unbraced
test conditions and no difference (F1 35 = 1.674, P = .204,
observed power = .243) between the stable and unstable
groups.

For external range of motion (Table 2), the ANOVA re-
vealed a significant brace-by-group interaction (F; 33 = 8.466,
P = .006). There was aso a main effect for brace (Fy 3 =
8.147, P = .007), with the braced group having less range of
motion (unbraced = 109.0° = 27.8°, braced = 103.8° *
25.4°), and a main effect for group (F, 33 = 6.83, P = .013),
with the stable group having more range of motion (stable =
116.4° = 19.2°, unstable = 96.4° = 29.3°). Post hoc analysis
revealed that the brace reduced external rotation for the stable
group but had no effect on the unstable group.

DISCUSSION

The major finding of our study was that the braced condition
significantly improved active joint-reposition sense at 10° from
full external rotation in the unstable group. While wearing the
brace, subjects with unstable shoulders were better able to per-
ceive glenohumeral joint position near maximal external ro-
tation compared with not wearing a brace. This effect was seen
despite the brace's having no effect in reducing shoulder ex-
ternal rotation in the unstable group. Conversely, for the stable
group, the brace did limit external rotation with no effect on
reposition sense.

The improvement in active joint-reposition sense might be
attributed to the increased cutaneous input received at the
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shoulder joint. A recent study of the healthy elbow joint re-
vealed significant improvement in joint position sense with the
application of an elastic bandage.2® Severa authors have also
found similar results at other joints of both healthy and injured
subjects. For example, significant improvements in knee joint
proprioception have been noted with the application of a knee
bandage or brace.1011.13.17.1921 per|ay et a1l suggested that
the movement of an elastic bandage on skin stimulates rapidly
adapting superficial receptors in the skin and layers beneath
muscle such as free nerve endings, hair end organs, and Mer-
kel discs. These receptors react strongly to new stimuli, such
as increased pressure of the bandage on underlying muscula-
ture and joint capsule. Elastic bandages and braces appear to
provide cutaneous stimulation, which may enhance afferent
input from proprioceptive mediators such as articular, mus-
cular, and cutaneous structures.19.23

Subjects in our unstable group described feelings of the
shoulder ““giving out” and ‘‘not trusting it” during daily ac-
tivities. Apprehension resulting from instability may explain
why external rotation was significantly limited in the unstable
group in the unbraced condition. By encompassing the entire
glenohumeral joint, the brace may have increased the sense of
stability for the subjects with unstable shoulders and possibly
enhanced joint position sense. Furthermore, since the brace
clearly did not limit maximal external rotation in the unstable
group, mechanical restriction of external rotation does not ex-
plain our findings. Our supposition is supported by the findings
of previous research on knee support devices. Elastic knee
bandages, although offering little or no mechanical support,
appear to provide injured subjects with the feeling of improved
stability.1321 Birmingham et a2l speculated that wearing a
knee sleeve may affect subjects cognitive interpretation of
joint position in some way, thereby improving test perfor-
mance. Based on previous studies, it appears that the feeling
achieved while wearing a knee bandage or sleeve may help to
improve the performance of patients with poor joint-position
Sense_13,21

Subjects in the stable group of our study showed no signif-
icant changes in active joint-reposition sense while wearing
the shoulder brace despite a significant decrease in external
rotation. Our finding contradicts those of previous studies, 1011
which found that bandaging or bracing improved propriocep-
tion in healthy knees. Differences between the shoulder and
knee joints and in measuring active versus passive joint-re-
position sense may have contributed to our findings.

We aso found a main effect for angle at 10° from full ex-
ternal rotation. Both the stable and unstable groups showed a
greater mean degree of error at this angle as compared with
30° of external rotation and 30° of internal rotation. Our find-
ings concur with those of Zuckerman et al,2* who found that
position sense was less accurate in the maximum ranges of
flexion, abduction, and externa rotation. In accordance with
Smith and Brunolli,* we hypothesize that, as the shoulder joint
approaches extreme angles, more proprioceptive recruitment
may be necessary to detect the sensation of joint position in
space.

In the unbraced condition, the 2 groups were not different
from each other in mean degree of error at any of the 3 preset
angles. This finding differed from previous studies in which
subjects with injured shoulders demonstrated decreased pro-
prioception when compared with the contralateral uninvolved
side of healthy subjects.2:47 Lephart et al” tested subjects with
histories of chronic, recurrent, traumatic anterior shoulder dis-

location or subluxation and found significant differences be-
tween the unstable and uninvolved shoulders for both thresh-
old to detection of motion and passive joint-reposition sense.
Smith and Brunolli# studied shoulder proprioception by mea-
suring what they called threshold to sensation of movement,
angular reproduction, and end-range reproduction (passive
joint-reposition sense). They found that shoulder propriocep-
tion was significantly deficient in subjects with a history of
anterior glenohumeral joint dislocation.* These authors theo-
rized that subjects who have experienced a previous disloca-
tion suffer from damaged stabilizers of the glenohumeral joint.
The consequent impaired ability to detect joint position and
movement are possibly due to the reduced number of receptors
available for activation after injuries such as glenohumeral dis-
locations and ankle sprains.#2° Increased joint laxity as aresult
of repetitive trauma or stretching of capsular and ligamentous
structures may cause articular receptor damage and result in a
distortion of proprioception.2® Individuals with previously dis-
located shoulders may have insufficient signals and motor re-
flexes, be subject to excessive movement, and, thus, be pre-
disposed to recurrent dislocation.* Subjects with previous
dislocations performed significantly worse in the unstable
shoulder in comparison with the uninvolved shoulder, possibly
due to these interrupted proprioceptive pathways.347

Our findings may not agree with previous research because
of the broad inclusion criteria established for the unstable
group. Subjects of varying shoulder instabilities were accepted
and tested for this group. The possibility that the lack of kin-
esthetic differences in the unbraced condition was due to the
broad inclusion criteria is supported by Glencross and Thorn-
ton,2> who hypothesized that degree of error depended on se-
verity of injury. Their results showed that the group with the
most severely injured ankle joints had the greatest error, and
the mildly injured group had the least error.2> Although all
subjects in our study met the criteria of a previous anterior
glenchumeral dislocation and positive clinical test findings,
their degree of function differed greatly. For example, 7 of the
20 unstable subjects were Division | athletes, most of whom
competed their entire season without any problems.

A second possible reason why we did not find a significant
difference in joint reposition sense between groups in the un-
braced condition may be that we measured active joint-repo-
sition sense as opposed to passive joint-reposition sense, which
was measured in previous shoulder proprioception studies.347
Although lower absolute error scores for shoulder active (ac-
tive reproduction of active positioning) versus passive (passive
reproduction of passive positioning) testing have been report-
ed,?8 this pattern is not consistent for the lower extremity.1518
For example, Gross!® found that in both subjects with healthy
ankles and those with recurrent lateral sprains, passive joint-
reposition sense is significantly better (less error) than active
joint-reposition sense, and Kaminski and Perrin8 found sim-
ilar results in the healthy knee. Thus, it is possible that errors
associated with active joint positioning were too great to allow
detection of significant differences.

The degree to which proprioceptive receptors in the skin,
muscles, and joint capsule each contribute to joint position
sense and detection of motion remains controversial.?3 In re-
cent studies, no difference in passive position sense was de-
tected after lidocaine injection of the glenohumeral and elbow
joints.2324 Zuckerman et al?* suggested that, after lidocaine
injection is performed, extracapsular receptors provide the
necessary feedback to ensure intact proprioceptive abilities.2*
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However, in addition to intraarticular receptors, processing and
interpretation of input from muscle afferent and efferent struc-
tures may result in increased error during active move-
ments.1>18 These errors may have led to the greater mean error
scores in the unbraced condition observed in our study com-
pared with the one conducted by Lephart et al.”

We conclude from our study that the brace improved active
joint-reposition sense at 10° from full external rotation for sub-
jects with unstable shoulders. This particular shoulder brace
may help to minimize shoulder instability by enhancing pro-
prioception. The facilitation of deficient neuromuscular input
at the extreme ranges of shoulder external rotation may help
to prevent or decrease recurrent dislocations or subluxations.
By providing an increased sense of security, subjects with un-
stable shoulders may feel more stable wearing the brace.

Further research should be conducted on the effect of shoul-
der bracing on kinesthesia, as measured by threshold to detec-
tion of passive motion. Other commercial shoulder braces
should aso be studied to determine whether the results of our
study can be generalized to al shoulder braces.
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