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Abstract:

Objective: To assess the influence of muscular fatigue on
active and passive shoulder proprioception within the midrange
of rotation.

Design: A randomized controlled, before-and-after design.

Setting: Neuromuscular research laboratory.

Participants: Twenty recreationally active men (mean age,
23.81 + 2,77 years) were randomly assigned to either a control
or a fatigue group. Exclusion criteria were any history of upper
extremity injury or pathology, cardiovascular disease, or dis-
case affecting the sensory system.

Intervention: Shoulder proprioception was assessed by ac-
tive reproduction of passive positioning (ARPP), active repro-
duction of active positioning (ARAP), reproduction of passive
positioning (RPP), and threshold to detect passive motion
(TTDPM). For each test direction, the experimental group per-
formed two bouts of maximal reciprocal concentric isokinetic
internal and external contractions at 180°/s until peak torque
decreased to 50% of the established maximum voluntary con-

traction. After two bouts of the fatigue protocol, subjects were
randomly assessed for proprioception into internal or external
rotation.

Main Outcome Measures: The absolute angular error for
active and passive proprioception was measured on the Biodex
System II Isokinetic Dynamometer (Biodex Medical Inc., Shir-
ley, NY, U.S.A.) and a proprioception testing device, respec-
tively.

Main Results: A two-factor repeated measures analysis of
variance revealed no significant interactions between the ex-
perimental and control groups for ARPP, ARAP, RPP, or
TTDPM.

Conclusions: Shoulder proprioception was not affected by
the short-duration, high-intensity protocol used in this study.
This may be due to the lack of an extended recovery period
observed with this type of fatigue regimen.

Key Words: Joint position sense—Kinesthesia—Neuromus-
cular control—Muscular fatigue.
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Proprioception has been referred to as a neuromuscu-
lar mechanism encompassing the sensations of joint po-
sition and movement (15,17,19). This specialized sensa-
tion is a highly complex interdependent system of affer-
ent mechanoreceptors responsible for adapting to
unexpected perturbations, facilitating movement through
segmental interactions and providing synergistic muscu-
lar contractions to maintain joint stability (5).

It is well known that the shoulder is an inherently
unstable joint that relies on static and dynamic structures
for stability. However, considerable controversy over the
role mechanoreceptors located within these structures
play in maintaining joint stability persists. Traditionally,
investigators have viewed joint receptors as the predomi-
nant neural structure contributing to joint position and
movement sense (5,7,8,21). Recent studies, however, in-
dicate that articular structures are lax within the mid-
ranges of shoulder rotation (8,20), thereby minimizing
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mechanoreceptor responses to joint perturbations within
the intermediate ranges of motion (4,5,13,27,29). Clark
et al. (6) reported that anesthesia to the interosseous
muscle in the metacarpophalangeal joint of the finger
resulted in diminished position sense. Gandevia and Mc-
Closkey (10) demonstrated that surgical removal of the
musculature around the distal interphalangeal joint in the
finger produced a deficit in movement sense. These find-
ings suggest that there may be some activation overlap
between articular and musculature mechanoreceptors
(13). As a result, it is currently believed that the pre-
dominant mechanoreceptor contributing to propriocep-
tive appreciation throughout the midrange of rotation is
that of the muscle mechanoreceptors (4,8,14,18,20,25,
29).

Muscular fatigue has been defined as the inability to
maintain force output, resulting in a decrease in perfor-
mance (9,12). It has been suggested that muscular fatigue
produces neuromuscular deficiencies within the muscle,
thus predisposing a joint to injury and the eventual de-
crease in athletic performance (12,24,28). Recent clinical
investigations have demonstrated that fatigue negatively
effects joint proprioception through deficiencies in either
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muscle mechanoreceptor activation or decreases in
muscle function (24,28).

It is believed that passive proprioception assessment
predominantly measures the stimulation of joint mecha-
noreceptors during movement sense and joint position
sense by minimizing muscle mechanoreceptor involve-
ment (1,5,15,17). The active components of muscle,
however, may provide a more functional measurement of
proprioception. Thus, a comprehensive assessment of
shoulder proprioception in a position that maximizes
musculotendinous mechanoreceptor involvement may
provide a more clear understanding of the role of mus-
cular fatigue on joint position awareness. The purpose of
this investigation was to examine the influence of an
isokinetic fatigue protocol on active and passive shoulder
proprioception within the midrange of rotation.

METHODS

Subjects

Twenty male volunteers (average age, 23.81 + 2.77
years; height, 177.09 + 6.25 cm; weight, 82.45 + 13.69
kg) from the general student population at the University
of Pittsburgh were included in this investigation. All sub-
jects were recreationally active for a minimum of three
times per week. Exclusion criteria included history of
upper extremity orthopedic injury or pathology, cardio-
vascular or coronary disease, or disease affecting the
sensory system. All subjects provided written informed
consent approved by the Biomedical Institutional Re-
view Board of the University of Pittsburgh.

Experimental design

A randomized, controlled, before-and-after design was
used in this investigation. The dependent variables for
this study included the absolute angular error (AAE) as
measured during four testing protocols: active reproduc-
tion of active positioning (ARAP), active reproduction of
passive positioning (ARPP), reproduction of passive po-
sitioning (RPP), and threshold to detect passive motion
(TTDPM). Measurements of the dependent variables
were counterbalanced between three test sessions. Coun-
terbalancing the test sessions was used to eliminate any
ordering effect. This was accomplished by organizing the
test sessions into three possible combinations: ARPP,
ARAP, RPP and TTDPM; ARAP, RPP and TTDPM,
ARPP; and TTDPM and RPP, ARPP, ARAP. RPP and
TTDPM were assessed in one session to decrease the
variability in patient setup on the proprioception testing
device. Evaluations of RPP and TTDPM were further
counterbalanced among the subjects within a single ses-
sion.

An equal number of subjects were randomly assigned
to either an experimental (fatigue) or a control group. All
subjects had a minimum of 7 days between each test
session to allow the fatigue group to recover from muscle
soreness that may have resulted from the treatment regi-
men. In addition, testing was conducted at the same time
of day under similar environmental conditions to reduce
the effect of diurnal variations.

The control group underwent the same testing proce-

dures as the experimental group but did not perform the
fatigue protocol. Five-minute periods were implemented
between the control group’s pretest and posttest evalua-
tions. These time periods approximated the estimated
length of the treatment protocol for the experimental
group.

Testing of the fatigue group proceeded with a coun-
terbalanced three trial pretest in either ARPP, ARAP, or
RPP and TTDPM for internal and external rotation. This
pretest was followed by the first set of fatigue bouts. A
three trial posttest in either internal or external rotation
was administered immediately after the cessation of fa-
tiguing contractions. The fatigue protocol was readmin-
istered with a final posttest completed in the direction not
previously tested. Test directions were randomized be-
tween fatigue sets to nullify any differences in fatigue
levels resulting from multiple treatments.

Materials

All tests were conducted using the Biodex System II
Isokinetic Dynamometer (Biodex Medical Systems Inc.,
Shirley, NY, U.S.A.) and the proprioception testing de-
vice (PTD). Before testing, shoulder goniometric mea-
surements were obtained, using a standard handheld go-
niometer to determine each subject’s physiologic mid-
range of motion within internal and external rotation.
The midrange angle was calculated by passively rotating
the shoulder to its end range of motion and dividing this
number by 2.

Subjects had their upper torso exposed during all test-
ing sessions to prevent clothing from giving propriocep-
tive cues through skin mechanoreceptor neural stimula-
tion (24). Blindfolding denied visual cues to subjects
during all proprioception tests. Headphones playing
static noise were also included during TTDPM testing to
prevent auditory cues during testing. Subjects were po-
sitioned supine on the horizontally reclined Biodex Sys-
tem IT System Accessory Chair. Trunk and pelvic stabi-
lization restraints secured the participant to the chair in
order to decrease extraneous movement from the
scapula, trunk, and legs during the treatment protocol. A
forearm restraint was attached to the Biodex System II
Shoulder Adapter which decreased fortuitous movement
at the elbow during the fatigue protocol. These restrain-
ing devices were then removed during proprioception
examinations. Hand placement was on the hand grip con-
nected to the lever arm of the Biodex System II Shoulder
Adapter.

Proprioception testing

Four quantifiable methods of testing proprioception
were used in this investigation. All active and passive
proprioception examinations except for TTDPM began
at a reference angle of 90° shoulder abduction, 90° elbow
flexion, and neutral shoulder rotation. ARPP and ARAP
were evaluated on the Biodex System II Isokinetic Dy-
namometer. During ARPP, subjects were instructed to
relax as the investigator slowly rotated their shoulder to
the test angle. Subjects were given 10 seconds to con-
centrate on the test angle before their shoulder was pas-
sively returned to the reference angle. At this point, the
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participant was instructed to actively attempt to repro-
duce the test angle. ARAP was evaluated similarly, but
subjects actively oriented themselves to the test angle.
This was accomplished by the examiners’ placing a
range of motion block on the dynamometer in order to
cue subjects upon reaching the test angle. Reproduction
attempts were discontinued by the subjects’ pressing a
handheld stop button at the perception of the test angle.

Reproduction of passive positioning and threshold to
detect passive motion were tested on a PTD (1,5,17,26)
that measured the angular displacement using a rota-
tional transducer interlaced with a digital microprocessor
(1,5,17,26). The hand and forearm were placed in a
pneumatic compression sleeve attached to the drive shaft
of the PTD for evaluation of RPP and TTDPM. Repro-
duction of passive positioning was examined with each
subject in a relaxed position as the PTD rotated his
shoulder to the presented angle. Following a 10-second
interval, the PTD was returned to the reference position.
Subjects received no information regarding the speed of
the PTD’s rotation. Variable speeds were used during
movement to and from the presented angle in order to
negate time cues between trials (5,17). Reproduction of
the presented angle began as the examiner initiated ro-
tation of the PTD at 2°/s. Subjects were instructed to
press the stop button connected to the PTD at the per-
ception of the angle.

Threshold to detect passive motion was measured at
each subject’s anatomic midrange of motion for both
external and internal rotation. Each test direction re-
ceived three trials of randomized movements into inter-
nal and external rotation. Movement of the PTD (0.5°/s)
began [ to 10 seconds after notifying the subject (tap on
the upper leg) that the test was about to begin. Previous
investigations have suggested that movements of less
than 1°/s maximally stimulate joint receptors with mini-
mal involvement from the muscular mechanoreceptors
(5,11,15,17). PTD rotation was disengaged by the sub-
jects’ pressing the stop button upon perceiving move-
ment in the shoulder.

Fatigue protocol

A modified version of the fatigue protocol used by
Schwendner et al. (22) was used in this study. The start
position for the fatigue protocol was at 90° of shoulder
abduction, 90° of elbow flexion, and 90° of external
rotation. Subjects warmed up with 15 submaximal con-
centric contractions on the isokinetic dynamometer fol-
lowed by five maximal reciprocal concentric contrac-
tions for shoulder external and internal rotation at 180°/s.
The highest peak torque of the five repetitions for exter-
nal rotation determined each participant’s maximum vol-
untary contraction (MVC). Immediately after the estab-
lishment of the MVC, each subject performed a two-set
fatigue protocol for each testing session with two fatigue
bouts in each set. Fatigue bouts consisted of continuous
maximal reciprocal concentric contractions until external
rotation peak torque decreased below 50% of the estab-
lished MVC. A 30-second rest period followed each fa-
tigue bout. The initial three external rotation contractions
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for the second and fourth bouts reestablished the MVC
for their respective bouts. Resetting the MVC was used
to nullify fatigue recovery during the 30-second rest pe-
riod (22).

Schwendner et al. (22) has suggested that a 50% de-
crease in force output is a significant indication of fa-
tigue level. It was reported that subjects with the greatest
decrease in force output required the longest recovery
time (r = 0.69). A fatigue window lasting a minimum of
2 minutes was also reported following this study’s iso-
kinetic protocol. The present investigation used this fa-
tigue protocol in an attempt to quantify fatigue levels for
each subject (22).

Data analysis

A two-factor analysis of variances (group by test) with
repeated measures was performed on the AAE for each
measure of proprioception at a preset alpha level of 0.05.
A lower AAE value indicates a more accurate reproduc-
tion of position and movement sense. The absolute error
in reproduction was selected as the variable for this study
because it has not yet been established if either under-
estimating or overestimating a reproduced angle are cor-
related with specific proprioceptive deficits. The data
was analyzed on the Statistical Package for the Social
Sciences (SPSS) software program, version 6.1 (SPSS,
Inc., Chicago, IL, U.S.A.).

RESULTS

Mean and standard deviation AAE values for ARPP,
ARAP, RPP, and TTDPM for the control and fatigue
group are presented in Table 1. Statistical analysis re-
vealed that two bouts of reciprocal concentric internal
and external contractions had no overall main effect on
active or passive shoulder proprioception. These findings
were evident as no significant group by test interactions
were found for ARAP in either external (F, o = 1.57; p
= 0.23) or internal (F, ;4 = 0.45; p = 0.51) rotation.

The results of this investigation also revealed that
muscular fatigue had no significant effect on ARPP.
These findings were demonstrated as no significant
group by test interactions were found for either external
(Fy0 = 0.97; p =0.34) or internal (F, , = 0.01; p
=(.92) rotation. A group main effect was found as the
mean pretest and posttest scores for the control group
were significantly higher than the combined pretest and
posttest scores for the fatigue group (F, ;o = 5.66; p =
0.03).

The findings in this study also demonstrated that the
ability to reproduce a passively positioned angle (RPP)
was not significantly affected by the two-bout fatigue
protocol to 50% of the established MVC. The two-factor
repeated measures analysis of variance found no signifi-
cant group by test interactions for either external (F, o
= 1.03; p = 0.32) or internal (F, ;o = 0.13;p = 0.73)
rotation.

The results of the present investigation also revealed
that muscular fatigue had no significant effect on
TTDPM for both external (F, o = 0.18; p = 0.68) and
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TABLE 1. Proprioception values (means = SD) for the control and fatigue groups

Before the test

After the test

Fatigue Control Fatigue Control

ARAP

Internal rotation 3.67 £2.24 2.81 +1.70 3.23+1.90 317 % 1.40

External rotation 5.50+2.86 4.36 +2.89 3.09+£3.11 4,33 +£2.72
ARPP

Internal rotation 4432389 3.45+2.02 4.63 £2.30 3.82+2.13

External rotation 4.77+£2.79 8.40 + 3.69 4.66 + 2,55 6.49 +4.05
RPP

Internal rotation 4,59 +3.28 2.80+3.10 3.66+2.78 247 £2.25

External rotation 645+7.13 10.49 £ 6.14 7.30 £4.57 8.45+5.15
TTDPM

Internal rotation 1.86 £ 0.69 2,54 +£2.23 2.18+0.90 292271

External rotation 1.60 + 0.49 3.12+2.89 3.06 +2.57 4.13 +£5.01

ARAP, active reproduction of active positioning; ARPP, active reproduction of passive posi-
tioning; RPP, reproduction of passive positioning; TTDPM, threshold to detect passive motion,

internal (F, y = 0.02; p = 0.90) rotation as demon-
strated by no significant group by test interactions.

DISCUSSION

The major findings of the present study demonstrated
that a two-bout fatigue regimen to 50% decrease from
the MVC did not impair active and passive shoulder
proprioception for either internal or external rotation.

Active reproduction of active positioning

Marks and Quinney (19) examined knee propriocep-
tion within the midrange of rotation in healthy and os-
teoarthritic patients. These authors reported significantly
greater errors in joint position sense in the osteoarthritic
group than in the healthy subjects. It was suggested that
these deficits within the intermediate range were possi-
bly due to degenerative changes to the muscle mechano-
receptors (19). Based on this research, the present study
presumed that muscular fatigue would affect muscle
mechanoreceptors during ARAP testing. The fatigue pro-
tocol revealed, however, a small but nonsignificant
change in AAE. This appears contrary to the findings of
Lattanzio et al. (16), who found a significant increase in
AAE of the knee after three different fatigue protocols.
The exercise protocols used by Lattanzio et al. (16) in-
volved prolonged cycle ergometry, which may have
influenced the involvement of different fatigue mecha-
nisms. In addition, proprioception measures in the pres-
ent study were performed in the open kinetic chain po-
sition, whereas Lattanzio et al. (16) incorporated a closed
kinetic chain position. The differences in fatigue proto-
cols and proprioception testing position (open vs closed
kinetic chain) may account for these contrary findings.

Threshold to detect passive position

The present findings appear to concur with those of
Skinner et al. (24), who reported a nonsignificant im-
provement in the detection of passive movement within
the midrange of knee rotation after interval running. Al-
though it may appear that the AAE for TTDPM in-
creased, statistical analysis revealed that this change was

not significant for both external and internal rotation sub-
sequent to the isokinetic fatigue protocol. Skinner et al.
(24) suggested that a ‘‘change in the neural mechanism’’
occurred in order to maintain movement sense after fa-
tigue. These authors proposed that a decrease in muscle
mechanoreceptor activity due to fatigue resulted in an
increase in capsular stress, thus enhancing articular re-
ceptor activity.

The slow rate of rotation (0.5°/s) for proprioception
testing, combined with muscular fatigue, in the present
investigation may have inhibited muscular receptor in-
volvement during TTDPM testing (11). It may be spec-
ulated that the nonsignificant changes in AAE for
TTDPM may be due to the auxiliary roles of the articular
mechanoreceptors to maintain movement sense in the
absence of muscular mechanoreceptor involvement (8).

Reproduction of passive positioning

The results of the present investigation did not dem-
onstrate a detrimental effect of fatigue on the ability to
passively reproduce a passively positioned angle. These
findings appear to refute those of Voight et al (28). These
investigators reported an AAE of 30.40° for RPP in the
dominant shoulder (at 75° of external rotation) after one
bout of fatiguing contractions. Subsequent to a two-bout
fatigue regimen, the current investigation demonstrated
an AAE for RPP of 0.32° into internal and 1.46° into
external rotation after the fatiguing contractions.

Voight et al. (28) concluded that the inability to re-
produce a passively positioned angle ‘‘at the end range
of motion’” was due to a desensitization of the muscle
mechanoreceptors and dysfunction of the muscular com-
ponents. This is contrary to current research proposing
that the predominant mechanoreceptor contributing to
joint position sense at the terminal ranges of motion is
the articular receptor (10). Previously, it has also been
demonstrated that acute cyclic exercise increases joint
laxity (25,29). Weisman (29) suggested that this increase
in joint compliance may hinder the ligamentomuscular
reflex through an increase in the toe region in the load-
deformation curve. As a result, the wavy collagenous
fibers in the articular structures may require greater de-
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formation to orient themselves to the stress incurred dur-
ing cyclic movement. This increase in deformation may
delay the activation of the articular mechanoreceptors at
the end range of motion. Thus, the findings of Voight et
al. (28) may be indicative of a fatigue effect on articular
mechanoreceptors at the terminal range of motion rather
than on the muscle mechanoreceptors.

Active reproduction of passive positioning

The current study revealed a nonsignificant change
within the midrange of internal and external rotation for
ARPP after the induction of muscular fatigue. These
findings do not appear to agree with those of Voight et al.
(28), who reported a significant decrease in joint position
sense at 75° of external rotation in the dominant shoulder
after a one-bout fatigue protocol. As mentioned previ-
ously, it has been suggested that these results demon-
strate changes to both the articular and the muscular
mechanoreceptors, rather than to muscular receptors
alone, as suggested by Voight et al. (28).

Although Skinner et al. (24) reported examining pas-
sive joint position, an active component actually existed
in their evaluation of RPP. Subjects were asked to ac-
tively reproduce a passively positioned angle, thereby
evaluating ARPP. This study appears to be comparable
with the current investigation because both examined
proprioception within the midrange of rotation ensuing
muscular fatigue. Skinner et al. (24) found a significant
decrease in the ability to actively reproduce a passively
positioned angle after interval running. Alternatively, the
two-bout isokinetic fatigue protocol used in the current
study resulted in a nonsignificant change in ARPP for
both internal and external rotation. The variability of
scores between the current study and those of Skinner et
al. (24) may be a result of different recovery rates from
the types of fatigue protocols used in these investiga-
tions.

Previous research has demonstrated that recovery
from muscular fatigue depends on the intensity and du-
ration of the exercise used (2,14). Muscular force im-
pairments have been shown to remain below prefatigue
levels for as long as 24 hours after long-duration, low-
intensity exercise (low-frequency fatigue) (2,14). Baker
et al. (2) reported that 20 minutes of intermittent isomet-
ric contraction in the tibialis anterior prevented peak vol-
untary force from reaching baseline values within a 15-
minute recovery period. Consequently, the interval run-
ning combined with the long-duration protocol suggests
that Skinner et al. (24) used a low-frequency fatigue

regimen to delay recovery from muscular fatigue,
thereby increasing the possibility of assessing proprio-
ception in a fatigued state.

Contrary to the prolonged recovery rate observed in
low-frequency fatigue, exercise protocols comprising
high-intensity, short-duration muscular contractions
(high-frequency fatigue) have been shown to demon-
strate rapid recovery of muscular force (2,3,23). Sinacore
et al. (23) observed a 2- to 4-minute recovery of volun-
tary force after isokinetic knee extension contractions at
180°/s. Similarly, Beelen et al. (3) found that peak vol-
untary force was reported to recover within 3 minutes
after two 45-second bouts on an isokinetic cycle ergom-
eter at a pedal velocity of 60 rpm.

The current investigation proposes that rapid recovery
from muscular fatigue occurred during the propriocep-
tion evaluations. The time to 50% of the established
MVC was ~] minute for all bouts. The MVC was re-
duced between the first and second bouts (76% of initial
MVC) and the third and fourth bouts (78% of initial
MVC), suggesting that the two-bout fatigue protocol in-
duced muscular fatigue. A posttest was performed after
the cessation of the second bout. Approximately 2 or 3
minutes elapsed between the cessation of the second bout
and the reestablishment of the MVC for the third bout.
Table 2 illustrates that the MVCs for the third bout re-
covered to 93% of the value of the MVCs of the first
bout. This provides evidence that the recovery rates ob-
served in the current study appear to coincide with those
of high-frequency fatigue. Thus, the rapid recovery of
the MVCs also suggests that shoulder proprioception
was not examined in a prolonged fatigued state.

CONCLUSIONS

The current investigation demonstrated that the short-
duration, high-intensity muscular fatigue protocol used
did not impair shoulder proprioception within the mi-
dranges of external and internal rotation. It is suggested
that this type of regimen did not provide an extensive
recovery period to allow for an accurate assessment of
the effect of fatigue on shoulder proprioception. It is
suggested that future research investigate those exercise
protocols that will prolong recovery from muscular fa-
tigue in the shoulder. The application of these low-
frequency exercise protocols may provide a clearer indi-
cation of the detrimental effects of muscular fatigue on
the ability to consciously perceive joint position and
movement.

TABLE 2. MVC and time to 50% of the established MVC values (means £ SD) for the fatigue group

First bout Second bout Third bout Fourth bout
MVC MVC MVC MVC
Session (N-m) Time (s) (N-m) Time (s) (N-m) Time (s) (N-m) Time (8)
| 33.69+220 61.00+4.36 2330+ 1.66  59.80+5.20 31.86 = 1.70 48,70 +3.72 2445+120 58.30%5.89
2 34,99 £9.57 54.80 + 10.37 26.11 £7.09  50.50 % 15.59 31.18 = 8.87 53.50x17.14 2460694 4390 17.10
3 30.67+£4.60 61.10£23.39  26.00x442 5115+ 18.11 29.61 £5.37  56.00x17.13 23.41 +3.71 52.50 % 14.33

MVC, maximum voluntary contraction.
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