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Context: Using constant, variable, and absolute error to
measure movement accuracy might provide a more complete
description of joint position sense than any of these values
alone.

Objective: To determine the effect of loaded movements and
type of feedback on shoulder joint position sense and move-
ment velocity.

Design: Applied study with repeated measures comparing
type of feedback and the presence of a load.

Setting: Laboratory.

Patients or Other Participants: Twenty healthy subjects
(age = 27.2 = 3.3 years, height = 173.2 + 18.1 cm, mass =
70.8 = 14.5 kg) were seated with their arms in a custom shoul-
der wheel.

Intervention(s): Subjects internally rotated 27° in the plane
of the scapula, with either visual feedback provided by a video
monitor or proprioceptive feedback provided by prior passive
positioning, to a target at 48° of external rotation. Subjects per-
formed the internal rotation movements with video feedback

and proprioceptive feedback and with and without load (5% of
body weight).

Main Outcome Measure(s): High-speed motion analysis re-
corded peak rotational velocity and accuracy. Constant, vari-
able, and absolute error for joint position sense was calculated
from the final position.

Results: Unloaded movements demonstrated significantly
greater variable error than for loaded movements (2.0 + 0.7°
and 1.5 *= 0.4°, respectively) (P < .05), but there were no dif-
ferences in constant or absolute error. Peak velocity was great-
er for movements with proprioceptive feedback (45.6 + 2.9°/s)
than visual feedback (39.1 + 2.1°/s) and for unloaded (47.8 =
3.6°/s) than loaded (36.9 = 1.0°/s) movements (P < .05).

Conclusions: Shoulder joint position sense demonstrated
greater variable error unloaded versus loaded movements.
Both visual feedback and additional loads decreased peak ro-
tational velocity.
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evaluate either joint position sense (JPS), the ability to

replicate a fixed target, or kinesthesia, the ability to detect
onset of passive motion.1:2 Evaluating JPS involves either ac-
tive or passive reproduction of a previously presented position
or target. Passive movement toward the target is measured to
diminish the influence of the gamma motor system on muscle
spindles, whereas active movements are more representative
of human movements.3 Active and passive tests of JPS have
not shown significant differences.* Mechanoreceptors from cu-
taneous, articular, and musculotendinous regions, in addition

I nvestigators researching shoulder proprioception typically

The opinions presented in this report reflect the views of the authors
and not those of the National Institutes of Health or the US Public Health
Service.

to visual feedback (VF), can influence movement accuracy be-
cause the central nervous system (CNS) integrates all of this
feedback.> When vision is obscured, the CNS can maintain
movement accuracy to some degree through proprioceptive
feedback (PF) alone. Although movements without vision are
clearly less accurate, how PF influences performance is un-
known. However, the contribution of PF to maintaining func-
tion is believed to be fairly substantial.&7 It is also difficult to
determine the influence of each of these receptors (musculo-
tendinous, articular, and cutaneous) on proprioceptive ability.

Three types of muscle receptors contribute to joint propri-
oception: static and dynamic muscle spindles and Golgi tendon
organs (GTOs), in which muscle spindles play the dominant
role.8-10 Joint receptors play a greater role near the end range
of ajoint, whereas cutaneous receptors contribute more posi-
tion sense in the hand than in other joints.10-14 Muscle spin-
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dies lie in paralel with extrafusal muscle fibers and provide
proprioceptive feedback regarding muscle length and change
in length (velocity).%10 Spindles are aso involved with the
monosynaptic stretch reflex.8 However, the GTO lies in series
with extrafusal muscle fibers near the muscul otendinous junc-
tion and provides feedback of force within the muscle tendon
complex.1> The GTO is more sensitive to forces generated
with active movement than with passive stretching of the mus-
cle-tendon complex.16:17 The GTO responds to active tension
within a muscle-tendon complex and may influence JPS during
loaded movements.®

Although muscle spindle afferents (la and 11) provide a di-
rect connection to the alpha motor neuron in the spinal cord,
only indirect connections exist between GTO afferents (Ib)
and the alpha motor neuron. Instead, a wide array of connec-
tions serve the muscle of afferent origin via interneurons in
the spinal cord to the apha motor neuron but also neurons
affecting synergists and antagonist muscles and higher centers
of the CNS.8 These interneurons make it difficult to determine
the exact role of the GTO in movement control. It was orig-
inally believed!® that the GTO provided only autogenic inhi-
bition or self-inhibition during maximal muscle activation to
prevent muscular injury. However, autogenic inhibition from
the GTO is relatively weak, compared with feedback from
spindle afferents and GTOs, and it is also more responsive at
submaximal levels of muscle activation.® Interneurons that re-
ceive feedback from the GTO also receive afferent feedback
from joint and cutaneous receptors, which appear to enhance
the inhibition from the GTO.18 This type of peripheral feed-
back is thought to prevent the use of excessive force to over-
come potentially immovable objects that can be encountered
during voluntary movements.818 The role of the GTO in JPS
and kinesthesia is unclear and in need of further study.

Shoulder JPS is reported as performance, or movement ac-
curacy, in terms of ‘‘average mean difference error’” or con-
stant error (CE) of angular position of a rotated humerus with
respect to a previously described fixed angular position. Other
measures of accuracy or consistency include variable error
(VE) and absolute error (AE). Calculations of these measures
are provided in the Methods section. Absolute error might be
amore sensitive method of measuring accuracy than CE; how-
ever, CE gives an indication of the direction error, whereas VE
provides information regarding consistency of a perfor-
mance.1920 Consistently overshooting a target generates a
small VE and larger CE and AE values. Conversely, a high
degree of inconsistency (VE) can also be generated with small
CE scores: inconsistent accuracy. Using all 3 measures of per-
formance could provide a more complete description of per-
formance based on overall accuracy (AE), a measure of the
direction of the error (CE), and the variability of the perfor-
mance (VE).

Our main purpose was to determine the effect of external
loads on movement accuracy and movement velocity with VF
and PF or proprioceptive feedback alone. A secondary purpose
of this study was to determine if differences in performance
between loaded and unloaded movements can be determined
with measures such as CE, VE, and AE.

METHODS

Subjects

Twenty subjects, with equal humbers of males and females
(age = 27.2 = 3.3 years, height = 173.2 = 18.1 cm, mass =
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Figure 1. Final position for upper extremity was determined when
angular velocity (°/s) of the shoulder wheel was nearest zero before
the thumb switch was activated (9 V).

70.8 = 14.5 kg) were recruited from the general student pop-
ulation. Subjects were screened by a certified athletic trainer
with a brief medical history and assessment of glenohumeral
range of motion (internal and external rotation), upper extrem-
ity muscle strength, and upper quarter sensation.2! We used
these tests to exclude individuals with a history of shoulder
injury, such as glenohumeral dislocation or chronic subluxa-
tion, or any injury that could result in neurovascular compro-
mise to the dominant upper extremity. All subjects provided
informed written consent. The institutional review board re-
viewed and approved the protocol for this study.

The subjects’ dominant upper extremity, defined as the ex-
tremity with which they preferred to throw, was tested. All
subjects were right-hand dominant. Subjects’ internal and ex-
ternal ranges of motion for the right glenohumeral joint were
51.7 = 15.2° and 87.5 = 13.7°, respectively.

Instrumentation

Data Acquisition: Video Capture System. Kinematic data
were recorded by 3 high-speed Falcon Cameras (Motion Anal-
ysis Corp, Santa Rosa, CA) positioned around the shoulder
wheel, approximately 5 m away and elevated approximately 4
m above the floor. Data were collected at a sampling rate of
240 Hz. Spatial, 3-dimensional coordinate data for the 3 ret-
roreflective markers were determined using the direct linear
transformation?? as modified with Motion Analysis software.
Coordinate data were smoothed with a 4th-order, zero-lag,
low-pass Butterworth filter with a cutoff frequency of 6 Hz.23
We used standard trigonometry to calculate the angle formed
by the stationary arm and the movable arm of the shoulder
wheel (EVa software, Motion Analysis Corp). Angular dis-
placement of the movable arm of the shoulder wheel relative
to the stationary arm enabled approximation of the instanta-
neous angular position for shoulder wheel internal rotation.
The instantaneous angular velocity for shoulder internal rota-
tion movement was calculated using central differences.23

Thumb Switch. The subjects activated a thumb switch,
connected to a 9-V battery, to indicate when they thought they
had reached the target position. The analog signal from the
thumb switch (collected at 960 Hz) was synchronized with the
motion capture system. The final location of the movable arm
of the shoulder wheel, representing the subject’s ability to rep-
licate the target, was defined as the angular position of the
wheel when instantaneous angular velocity of the wheel was
nearest zero before activating the thumb switch (Figure 1).
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Figure 2. A, Subject seated with upper extremity positioned in
plane of scapula (30° horizontally adducted from the coronal plane)
with arm abducted to 90° and externally rotated in the starting po-
sition. Retroreflective markers (1, 2, and 3) on shoulder wheel en-
able the calculation of peak internal rotation velocity and final po-
sition. A shield (*) prevented the use of peripheral vision and direct
visualization of the arm during testing. Loaded trials included the
use of an external weight (t) attached to the shoulder wheel. B,
Subjects start from the position of 75° of external rotation (a) and
internally rotate 27° to the target position at 48° of external rotation

(b).

Testing Procedures

Shoulder Wheel Apparatus. A custom shoulder whesl,
used in previous studies, was employed for this investiga-
tion?425 (Figure 2A). The movable arm of the shoulder wheel
was padded with foam to distribute pressure evenly throughout
the forearm in order to minimize cutaneous feedback, which
can influence PR26:27

The shoulder wheel was instrumented with 3 retroreflective
markers, allowing the video capture system to determine its
position and velocity. Marker 1 was attached on the vertical
stationary arm and aligned with the axis of rotation of the
shoulder wheel. Marker 2 was located on the stationary arm,
directly vertical to marker 1. Marker 3 was placed on the mov-
able arm of the shoulder wheel, approximating the subject’s
hand location (see Figure 2A). The positioning and orientation
of the shoulder wheel device, in conjunction with fixation of
the forearm in the compression sleeve, served to align the
shoulder wheel axis with the glenohumeral joint and to main-
tain the shoulder in the scapular plane during data collection.

This enabled the shoulder wheel movable arm to provide an
estimate of glenohumeral motion.1.24.25.28.29

Buttresses attached to the rim of the shoulder wheel limited
range of motion from 75° (starting position of externa rota-
tion) to 0°, or neutral, in order to prevent injury. The buttress
that limited external rotation also provided a consistent starting
position for all subjects. A movable third buttress was used to
consistently place each subject’s shoulder at the target position
of 48° of external rotation, or 27° from the starting position.
The buttress was moved out of the way as required during
data collection trials. The angular displacement in this study
was similar to that in previous shoulder proprioception stud-
ies.1228 Moreover, this position is an attempt to replicate arm
position during throwing, which has been used in previous
studies of shoulder proprioception and can have an effect on
accuracy of performance (ie, throwing).2530

Constant error, or CE, is calculated as follows:

> —T)

n

CE =

where x; is the individua trial, T is the target, and n is the
number of trials. Other measures of movement accuracy in-
clude VE and AE and are calculated as follows:

> (% — X)2 >k - T|
VE=,“"——— AE==""
n n

where X, is the individual trial, X is the mean of the trials
collected, T is the target position, and n is the number of trials
collected.

Subject Position. Subjects sat upright with the arm and
shoulder in the plane of the scapula and the shoulder abducted
and horizontally adducted to 90° and 30°, respectively.3! The
elbow was flexed to 90° with the forearm in a neutral position.
The forearm was inserted into a custom-made shoulder wheel
and stabilized by a compressive sleeve around the forearm (see
Figure 2A). The glenohumeral joint axis of rotation was vi-
sualy aligned with the axis of rotation of the shoulder wheel.
Subjects wore goggles with a shield to block peripheral vision
and to prevent direct visuaization of the arm, forearm, hand,
and shoulder wheel during al trials.

Proprioceptive Feedback

Subjects were passively moved from the starting position to
the target position, approximating the movable buttress that
was put into place, and held in that position for 10 seconds.
They were instructed that this was the target position they were
to replicate, thus providing them with the proprioceptive in-
formation needed to identify the target location. Subjects were
passively returned to the starting position before the beginning
of active replication of the target position. The movable but-
tress was removed from the intended path of motion, so it
would not interfere if motion exceeded the 27° of rotation.

Visual Feedback

Subjects were provided VF by monitor connected to a
fourth video camera, independent of the motion analysis sys-
tem, which enabled them to judge movement accuracy. The
camera was located 3 m from the shoulder wheel apparatus,
oriented with its lens-to-object axis parallel to the rotational
axis of the shoulder wheel. The video monitor (38.1 cm di-
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Table 1. Constant Error of Movements With and Without a Load
and Visual Feedback (°) (Mean = SD)

Table 4. Peak Rotational Velocity of Movements With and
Without a Load and Visual Feedback (°) (Mean = SD)

Main Effects Main Effects
(Loaded (Loaded
Visual Proprioceptive versus Visual Proprioceptive versus
Feedback Feedback unloaded) Feedback Feedback unloaded)
Unloaded -0.2 £ 05 3.7 x40 18+24 Unloaded 434 += 3.1 52.1 + 4.9 47.8 = 3.6
Loaded -0.1 + 0.6 3.9 *+39 19 £ 35 Loaded 347 + 1.3 389+ 1.1 36.9 = 1.01
Main Effect Main Effect
(Visual feedback (Visual feedback
versus proprio- versus proprio-
ceptive feed- ceptive feedback) 39.1 *= 2.0* 45.6 = 2.9
back) —-0.1 = 0.6* 8 + 39

*Indicates significant difference between movements with visual and
proprioceptive feedback (P < 0.05).

Table 2. Variable Error of Movements With and Without a Load
and Visual Feedback (°) (Mean = SD)

Main Effects
(Loaded
Visual Proprioceptive versus
Feedback Feedback unloaded)
Unloaded 09 05 31+13 20+0.7
Loaded 0.6 = 0.2 25*+08 1.5 + 0.4t
Main Effect
(Visual feedback
versus propriocep-
tive feedback) 0.7 = 0.4* 28 *+0.2

*Indicates significant difference between movements with visual and
proprioceptive feedback (P < 0.05).

tindicates significant difference between unloaded and loaded move-
ments (P < 0.05).

Table 3. Absolute Error of Movements With and Without a Load
and Visual Feedback (°) (Mean + SD)

Main Effects
(Loaded
Visual Proprioceptive versus
Feedback Feedback unloaded)
Unloaded 0.4 = 0.3 4.6 £ 3.2 25+ 3.1
Loaded 05*05 46 = 3.4 25+ 32
Main Effect
(Visual feedback
Versus proprio-
ceptive feedback) 0.5 = 0.4* 46 + 3.3

*Indicates significant difference between movements with visual and
proprioceptive feedback (P < 0.05).

agonal) for this separate camera was placed 2 m away from
the subject in the frontal plane to provide real-time 2-dimen-
sional VF of the retroreflective markers of the shoulder wheel
and target during the VF condition. The video monitor was
covered during the PF condition to eliminate the VF of the
retroreflective markers and targets.

Protocol

Subjects performed JPS testing with and without an external
load, defined as 5% body weight, in both the VF and PF con-
ditions (see Figure 2A). Subjects were required to internally
rotate 27° (75° of external rotation to 48° of external rotation)
in order to replicate the fixed target (Figure 2B). Subjects were

*Indicates significant difference between movements with visual and
proprioceptive feedback (P < 0.05).

tindicates significant difference between unloaded and loaded move-
ments (P < 0.05).

instructed to move at a comfortable speed for al 4 movement
conditions (VF loaded, VF unloaded, PF loaded, and PF un-
loaded). A total of 32 trials were performed by each subject.
Each trial was randomly assigned, in a nonrepeating, counter-
balanced fashion, to each of the 4 movement conditions, gen-
erating 8 trials per condition. This final arm and shoulder
wheel apparatus position enabled the calculation of movement
accuracy measures relative to the target position (CE, VE, and
AE). We calculated the mean of the 8 trials for each of the 4
movement conditions and used that value for statistical anal-
ysis. Breaks were typically provided after blocks of 10 to 20
repetitions, or on the subject’s request, and lasted 5 to 10 min-
utes. These frequent breaks were allowed to minimize the in-
fluence of muscular and mental fatigue. This procedure took
approximately 1.5 hours to complete, as it was part of alarger
study that included other movement conditions.?*

Statistical Analysis

We calculated peak angular velocity of the movable arm of
the shoulder wheel for all 4 movement conditions. Independent
variables were the type of feedback (PF, VF) and presence or
absence of the load (unloaded, loaded). Dependent variables
included CE, VE, AE, and peak angular velocity.

Separate 2 X 2 fully repeated analyses of variance were
performed to evaluate the effects of feedback and load on the
CE, VE, AE, and peak angular velocity (version 11.5; SPSS
Inc, Chicago, IL). The level of significance for each test was
P < .05.

RESULTS

No significant interactions were noted between the 2 main
conditions (type of feedback and the presence of a load) for
CE (Fi10 = 022, P = 698, 1 — B = .066), VE (Fy 19 =
121, P =.268,1 — B = .181), or AE (Fy ;9 = 0.009, P =
925, 1 — B = .051) (Tables 1-3). Moreover, we found no
significant interactions between the type of feedback and the
presence of aload on peak angular velocity (Fy 19 = 23.7, P
= .421,1 — B = .12) (Table 4).

No significant differences were seen between the main ef-
fect of loaded and unloaded movement accuracy as measured
by CE (F]_’lg = 027, P = 61, 1- B = 08) and AE (F1,19
= 0.007, P = 94,1 — B = .05) (see Tables 1 and 3). How-
ever, unloaded movements demonstrated significantly greater
VE (Fy19 = 115, P = .003, 1 — B = .886) than loaded
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movements, signifying less consistency associated with these
movements (see Table 2).

Movements were much less accurate and consistent in the
PF than the VF condition; significant differences were dem-
onstrated in CE (Fy 9 = 23.7, P < .001, 1 — B = 1.0), VE
(F110 = 82,6, P < .001, 1 — B = 1.0), and AE (Fy 19 = 35.9,
P <.001, 1 - B = 1.0) (see Tables 1-3).

Unloaded movements demonstrated greater (Fy,9 = 13.7,
P =.003, 1 — B = .91) peak rotational velocity (47.8 + 8.3°/
s) than the loaded condition (36.9 = 4.2°/s). Movements for
the PF condition demonstrated greater (F1,9 = 4.9, P = .04,
1 — B = .55) peak rotational velocity (45.6 + 7.3°/s) than the
VF (39.1 = 5.7°/s) condition (see Table 4).

DISCUSSION

Our purpose was to examine the influence of an added ex-
ternal load on movement velocity, accuracy, and consistency
in movements that used primarily VF and movements that
used primarily PF Performance error was quantified by 3 mea-
sures (CE, VE, and AE,) and peak rotation velocity was re-
corded for each movement. Although our main focus was not
the difference between the VF and PF conditions, we include
this comparison to examine the influence of added loads dur-
ing JPS testing and movements with visual feedback.

Force sensation and position sense have been reported to be
inextricably linked, suggesting a role for the GTO and muscle
spindles during functional movements.3233 After the target po-
sition was established with passive positioning, active move-
ment was used to replicate the target in an effort to maximize
the GTO influence on JPS, as the GTO operates more effec-
tively with submaximal muscle activation.81617 Light loads
were also used in an effort to avoid fatigue. The presence of
a load during PF movements, similar to JPS testing, had no
significant effect on accuracy measured with CE and AE.
Loaded movements demonstrated lower VE scores than un-
loaded movements (1.5 + 0.4° and 2.0 = 0.4°, respectively),
indicating greater consistency in the ability of subjects to rep-
licate the target. Added weight during PF movements was used
to enhance GTO feedback during active movements during the
study of shoulder JPS. Additional loads have been used to
demonstrated enhanced elbow JPS.34 However, we are unable
to directly compare our results with those of previous shoulder
investigations, as there appear to be no other published studies
on how additional loads affect shoulder JPS.

Another possible reason for the lack of a significant differ-
ence in accuracy as measured by CE and AE between the
loaded and unloaded conditions could be the minimal influ-
ence of GTO feedback on human movement control compared
with the influence of muscle spindle feedback.8 Additionally,
the inhibition generated by the GTO typically occurs in an
effort to avoid excess force against an external object or near
end range, which we did not test.8 Our study was performed
with subjectsin an externally rotated position, whereasinternal
rotation movement releases tension within the anterior portion
of the shoulder capsule, minimizing contributions from joint
receptors,14:35

Additional loads for the VF and PF conditions generated
slower peak rotational velocities. The Fitts law dictates that
movement accuracy decreases linearly with faster movement
speeds, whereas slower movements tend to be more accurate.36
Additional loads can dampen the initial peak velocity, which
could make it easier to achieve target position. When move-

ment accuracy and consistency are being evaluated, slower
movements do not necessarily result in better performance.
The complex interaction among multiple proprioceptive inputs
that can influence the ability to accurately move to a target is
beyond the scope of this study and warrants further investi-
gation.

We report both the VF and PF conditions as a way to com-
pare the influence of additional loads during these movements.
The CE observed for the unloaded condition was between the
2.7° reported by Safran et @37 and the 6° reported by Lee et
al.38 The 3.1° of VE we report for the unloaded condition is
less than the 4° reported for passive external rotation by Jan-
wantanakul et a9 and the 3.3° for internal rotation reported
by Dover and Powers4? The 4.6° of AE we report for the
unloaded condition is between the 4.5° reported by Dover et
a0 for internal rotation movements and the 6° reported by
both Janwantanakul et al3® and Rogol et a* for external ro-
tation movements. Although methodologic differences could
account for these small differences in shoulder JPS outcomes,
our data are consistent with those of previous studies.

We report differencesin VE between the unloaded and |oad-
ed conditions, with no such difference in CE and AE. Thisis
in agreement with the thought that CE and AE evaluate ac-
curacy, whereas VE is more representative of the consistency
of a performance.1941 However, reporting CE also resultsin a
directional bias to accuracy but not consistency, which is not
encapsulated with AE.1® Overshooting a target tends to pro-
duce positive values for CE, demonstrated in this study during
the PF movement condition, whereas undershooting produces
negative values for CE. Clark et al*2 contended that CE rep-
resents a systematic error, and this measure provides infor-
mation about the “calibration” or “interna bias’ of kines-
thetic position sense. Clark et al*? also suggested that VE is
better suited to represent overall performance of movements.
Schmidt and Lee!® suggested that VE continues to improve
with practice, whereas CE remains fairly constant for active
movements. We believe that using 3 measures of a perfor-
mance, such as CE, VE, and AE, increases the ability to iden-
tify subtle differences during shoulder JPS that could indicate
differences in CNS feedback and subsequent movement con-
trol.

STUDY LIMITATIONS

Movements that include direct VF are referred to as the VF
condition, and movements in the absence of vision are referred
to as the PF condition. Although we acknowledge the presence
of proprioceptive feedback during the VF condition, we cat-
egorized this condition according to the main feedback via
vision.

It is unclear if arestricted single degree-of-freedom move-
ment, such as glenohumeral internal rotation with the upper
extremity contained within a shoulder wheel apparatus, has
any application to movement accuracy during unrestricted up-
per extremity movements. If not, we could question all results
from studies of single-joint measurements of joint kinesthesia
in the upper extremity. Single-plane, restricted movements ap-
pear to bias measures of motor performance.1®42 However, it
has not been demonstrated if performance measures from a
movement restricted to a single degree of freedom have any
significance on 3-dimensional functional movements. Addi-
tionally, we provided VF through a video monitor in 2-di-
mensional space, compared with the usual 3-dimensional VF
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encountered during normal daily function. Restricting move-
ments to a single plane and providing 2-dimensional feedback
could limit the interpretations of this study. Moreover, we did
not calculate effect sizes a priori, but a post hoc analysis dem-
onstrated large effect sizes (d > 1) between the VF and PF
conditions and small effect sizes between the unloaded and
unloaded conditions for CE (d = 0.03), VE (d = 0.38), and
AE (d = 0.0). These findings suggest that even though statis-
tical significance was demonstrated in VE between the loaded
and unloaded conditions, small effect sizes require cautious
interpretation, with further study needed to corroborate the
outcomes observed here.

It is unclear if PF during active target replication is influ-
enced by the level of muscle activity. Athletes who perform
overhead tasks have demonstrated delayed muscle activation
patterns in response to sudden changes in position and dimin-
ished ability to detect passive position changes.2>28 Subjects
were presented the target for the PF condition and then pro-
ceeded to actively move to the target. Passive movements are
thought to stimulate mechanoreceptors using a different mech-
anism than active movements. Specifically, the contribution of
the gamma motor system influences spindle sensitivity, thus
affecting the active replication after passive presentation of a
target.8 Palliard and Brouchon® suggested that active posi-
tioning is more accurate than passive positioning, possibly re-
ducing any error associated with this paradigm. The passive
presentation of the arm position was an attempt to establish a
reference system for each subject. Whether thisis an externally
or internally based system is debatable. However, with mul-
tiplanar upper extremity reaching movements, no differencein
accuracy has been demonstrated when the target is passively
as opposed to actively presented.#445 Although we provided
frequent breaks to subjects, we made no attempt to control the
duration or number of breaks. Subjects were instructed to
move to the target position, with either VF of the target on
the video screen during the VF condition or immediately after
passive presentation of the target position. Because presenta
tion of the target preceded every PF trial, we felt no need to
restrict breaks, as long as subjects reported feeling fine with
repeated trials.

CLINICAL RELEVANCE

Studies of JPS in the shoulder typically occur in the labo-
ratory setting. However, clinical assessments can be imple-
mented with the use of inclinometers and commercially avail-
able dynamometers.#3%40 The direct clinical applications for
0.5° differences are questionable, but this research is designed
to identify how performance can be altered with the addition
of weight and contributes to the knowledge of human function.
Further research is needed to explore the scientific reasons
behind the changes identified in this study. Moreover, VE ap-
pears to be sensitive enough to identify differences in JPS at
the shoulder. It has been reported that VE is more amenable
to change and would be a good clinical indicator of improve-
ment after rehabilitation or training.1® Continued clinical re-
search is needed to determine if these factors can be measured
in the clinic or remain in the domain of the laboratory setting;
however, it is important, once we identify how loaded move-
ments can influence JPS, to transfer these types of tests into
the clinic for practical applications. Clinicians must not forget
the influence of the GTO during proprioceptive testing.

CONCLUSIONS

Methods of assessing shoulder JPS when active movements
are used should include the addition of an extra load to in-
corporate the contributions of the GTO. Multiple measures of
performance, such as CE, VE, and AE, may be needed to fully
assess patient function.2* Although differences between loaded
and unloaded movements might result in subtle differencesin
VE, future clinical testing is necessary to fully determine the
influence of external loads on active movements during shoul-
der JPS tests. Additional research is reguired to determine the
CNS mechanisms behind active movements that rely on kin-
esthetic feedback and how an external load influences thistype
of assessment.
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