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Background: The purpose of the study was to investigate whether individuals with a history 

of traumatic anterior shoulder dislocation show larger reaching errors than those with healthy 

shoulders and to determine if they implement different reaching strategies to protect the injured 

shoulder.

Methods: Ten people with a history of traumatic anterior shoulder dislocation and 15 with 

healthy shoulders volunteered for this study. After viewing targets in space, participants pointed 

with the unconstrained arm to remembered target locations in space without visual guidance. 

Nine different targets were located in various planes and heights. Endpoint reaching errors were 

determined by comparing the finger endpoint position without visual guidance to the target 

location. Shoulder rotation angle at the endpoint was also compared between groups.

Results: Participants with injured shoulders were able to point voluntarily to visually specified 

targets as accurately as participants with healthy shoulders (1 cm difference). However, partici-

pants with injured shoulders showed less shoulder external rotation (average 12° difference) at 

the target location when compared with healthy shoulders. This difference was consistent over 

a large range of target locations.

Conclusion: Individuals with a history of traumatic anterior shoulder dislocation have sufficient 

kinesthetic information about their upper limb orientation to point accurately to visually speci-

fied targets in space. However, individuals with injured shoulders acquired a new motor strategy 

to reach with less shoulder external rotation, presumably to protect the injured shoulder from 

recurrent injuries.
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Introduction
The glenohumeral joint (GHJ) is prone to instability because the glenoid fossa is a 

shallow structure that provides little bony constraint for the humeral head. After a 

dislocation, injured passive shoulder stabilizing structures (ie, the glenoid labrum, 

GHJ capsule, and glenohumeral ligaments) may not be able to provide sufficient 

mechanical restraint to the joint, especially in shoulder positions involving abduction 

with external rotation.1–4 It was suggested that altered neuromuscular control over 

shoulder girdle muscles due to compromised proprioceptive sensation may also 

contribute to recurrent shoulder instability.5–10 If awareness of shoulder joint orientation 

is impaired, the individual may not be able to engage appropriate muscle activation 

at positions in which voluntary contraction of shoulder muscles acting as active joint 

stabilizers is crucial for shoulder stability. At a functional level, the individual may 

not be able to move the upper extremity accurately to a desired target without visual 
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feedback, or sense the exact location of the hand/fingers in 

space which is crucial for some activities (eg, releasing the 

ball during a pitch).

Statistically significant differences in shoulder joint 

position sense have been reported between individuals 

with healthy shoulders and those with a history of anterior 

shoulder dislocation using the “passive matching of passive 

positioning” protocols.6,9–12 However, the clinical and 

functional significance of such a deficit is questionable 

because the differences between injured and healthy 

shoulders were relatively small (0.6–2.3  degrees).6,9,10,12 

Moreover, information from muscle spindles and other 

sources (eg, cutaneous receptors, Golgi tendon organs, sense 

of effort) during voluntary arm movement is also beneficial 

for joint position sense.13–20 Despite greater position sense 

errors being reported in unstable shoulders than in healthy 

shoulders with passive matching protocols,6,9–12 it is not 

clear if compromised shoulder stabilizers as well as passive 

position sense would have an impact on functional reaching 

accuracy.

Proper motor control of the hand in space is important 

for many daily upper limb activities (eg, reaching). Reaching 

accuracy to remembered visual targets in three dimensions 

has been studied in subjects without shoulder pathology21–25 

and in subjects with neurological disorders.21,26 However, no 

previous study has examined kinesthetically guided reaching 

accuracy in individuals with a history of traumatic anterior 

shoulder dislocation using a functional testing protocol with 

shoulder, elbow, wrist, and finger motions unrestrained. 

In addition, it is also unknown whether individuals with a 

history of anterior shoulder dislocation would implement a 

different reaching strategy to protect their injured shoulders 

when reaching towards some vulnerable positions.

The purpose of the present study was to determine 

whether individuals with a history of traumatic anterior shoul-

der dislocation show larger reaching errors than individuals 

with healthy shoulders. The second aim of the study was to 

investigate whether individuals with injured shoulders used 

different reaching strategies from healthy controls while 

reaching to various target locations. Because information 

from muscle spindles and other sources during voluntary arm 

movement may provide accurate shoulder position sense,12 

we hypothesized that individuals with injured and healthy 

shoulders would show similar kinesthetically guided reach-

ing accuracy to visually specified targets in space. However, 

participants with injured shoulders might take advantage of 

redundancy to achieve similar reaching accuracy with dif-

ferent upper limb configurations.

Materials and methods
Participants
Ten people (seven men and three women, aged 19–37 years) 

with a history of traumatic anterior shoulder dislocation and 

15 people (11 men and four women, aged 20–39 years) with 

healthy shoulders volunteered for this study. The human 

subject institutional review board of the University of Iowa 

approved the study, and all participants signed informed con-

sent documents prior to participating in the study. Inclusion 

criteria for the participants with injured shoulders were: a 

minimum of one episode of complete traumatic anterior 

shoulder dislocation documented in their medical record, 

a positive apprehension test administered by the primary 

investigator, and no surgical repair prior to testing. In addition 

to the subject’s medical record, the apprehension test (speci-

ficity 98.91%, sensitivity 52.78%)27 was used to confirm 

anterior traumatic instability. People with multidirectional 

instability, degenerative arthritis, muscle weakness (weaker 

than “normal” with manual muscle testing), or inability to 

achieve the designated shoulder positions without pain or 

apprehension were excluded from the study. People with 

only partial dislocation or subluxation were also excluded 

from the study. The mechanism of injury was unexpected 

external force perturbation due to falls or sports injuries for 

the participants with a history of anterior GHJ dislocation, 

resulting in three subjects with one dislocation, four subjects 

with two dislocations, two subjects with three dislocations, 

and one subject with five prior dislocations. Six subjects 

injured their dominant arms (five right arms and one left 

arm) and four subjects injured their nondominant arms (four 

left arms). The time since their last dislocation ranged from 

four to 19 months. All participants with a history of GHJ 

dislocation were diagnosed and treated at the University of 

Iowa Hospitals and Clinics.

More individuals with healthy shoulders (n = 15) than 

with injured shoulders (n = 10) volunteered for the study. 

Based on pilot data from six individuals (three with injured 

shoulders and three with healthy shoulders), a sample size 

of 10 participants in the experimental group was estimated 

to be adequate to detect group differences with a power of 

80% when the significance level was 0.05. Inclusion criteria 

for the control group included no known history of shoulder 

injury requiring medical treatment and being able to move 

the shoulders to the target position without discomfort or 

limitation. Because gender28 and age8,29,30 may have an impact 

on joint position sense, participants with a similar gender 

ratio and age range were recruited for both the control and 

experimental groups. To reduce the potential effect of innate 
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differences in proprioception between the two groups, the 

dominant arm of nine randomly chosen healthy subjects and 

the nondominant arm of the six remaining healthy subjects 

were examined to match the arm dominance ratio in subjects 

with injured shoulders (dominant to nondominant, 3:2) for 

all between-group comparisons. Participants with healthy 

shoulders were recruited from the University of Iowa student 

body and staff members.

Measures
The Ascension Technology miniBIRD (MB) electromagnetic 

tracking system (Ascension Technology Corp, Burlington, 

VT, USA) was used to record upper limb kinematics (74 Hz 

sampling rate). The validity of the system for motion analysis 

has been documented,31–33 and the positional and rotational 

errors measured were less than 2% of the range of motion 

when utilized within its optimal operating range between 

22.5 cm and 64.0 cm from the transmitter.31 Five electro-

magnetic receivers of the MB system were secured on the 

skin over each participant’s manubrium, the distal end of the 

scapular acromion, the lateral epicondyle of the humerus, the 

wrist cuff over the styloid process of the ulna, and the tip of 

the index finger. Participants sat in an armless chair with a 

vertical back support during all testing procedures.

Procedure
After giving their consent, all potential participants first 

attended a screening session (the first visit) prior to the 

data collection phase of the study. The primary investiga-

tor first examined whether participants could reach to all 

predetermined target locations freely without limitation, 

pain, or apprehension with both arms. Second, the primary 

investigator used manual muscle testing to examine whether 

participants had weakness of their shoulder external and 

internal rotators and flexors and abductors. At the beginning 

of testing, participants with their eyes closed were positioned 

to 0 degrees of shoulder abduction, 0 degrees of shoulder 

rotation, 90 degrees of shoulder flexion, and 90 degrees of 

elbow flexion measured with a goniometer. Subjects were 

also asked to keep their wrist in a neutral position with 

extended fingers. Shoulder angles were recorded with the 

MB system in this position (set as zero reference). The 

shoulder position of all following trials was compared with 

this standard position to determine shoulder angles.

Endpoint reaching accuracy was examined for nine 

different targets located in three different planes in which 

various shoulder abduction and rotation angles could be 

used to accomplish the task. These were the parasagittal 

plane through the GHJ of the moving limb, the frontal plane 

through the GHJ of the moving limb, and a vertically oriented 

oblique plane through the participant’s GHJ that equally 

bisected the previous two planes (Figure 1). There were three 

targets in each of the three reference planes. The height of the 

three targets was determined by the height of each partici-

pant’s anterior superior iliac spine (low target), GHJ (middle 

target), and the top of the head (top target) when measured 

from a seated position during the screening visit. Targets 

(in bright yellow) were 1.5 cm × 1.5 cm in size with adhesive 

backing. Top, middle, and bottom targets were attached to a 

black tripod at various heights based on the body dimensions 

of the individual subject. The “horizontal” distance between 

the targets and the GHJ varied between the participants and 

was determined for each participant as two thirds of the 

distance from the index finger tip to the GHJ with the arm 

and fingers extended. Markers (squares with a circle center) 

were positioned on the ground to indicate the proper tripod 

location for each plane (Figure 1). To avoid use of visual 

feedback to remember the designated target location during 

Figure 1 Kinesthetically guided reaching. Participants first located the target visually 
and then reached to the remembered location with their index fingertip without vision. 
Notes: The target for the trial shown here is the middle target (same height as 
the subject’s GHJ) in the oblique plane. The three planes are the parasagittal plane 
through the GHJ of the moving limb (in red), the frontal plane through the GHJ 
of the moving limb (in yellow), and a vertically oriented oblique plane through the 
subject’s GHJ that bisected the previous two planes equally (in green).
Abbreviation: GHJ, glenohumeral joint.
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practice, participants were not allowed to practice during 

the investigator’s demonstration and practiced later without 

receiving reaching feedback concerning pointing accuracy 

from the investigator. Moreover, the tripod with targets was 

removed immediately after viewing so that participants could 

not grope for the target and receive proprioceptive/cutaneous 

feedback about the target location.

At the starting position, participants were instructed to 

sit upright against a back support with the unsupported arm 

resting by their side. After the primary investigator verbally 

specified the target for the trial (top, middle, or bottom 

targets that were fixed on the tripod), the participants first 

located the target visually for a second and then immediately 

reached to the remembered three-dimensional location at a 

comfortable speed using the index fingertip with their eyes 

closed. Participants kept the index finger at the target location 

for a second before returning to the starting position. After 

the participant viewed the instructed target, the investigator 

moved the tripod away during the participant’s reaching 

movement to prevent any tactile feedback indicating the 

target location. Participants performed the task one plane 

at a time with eight trials for each target in each plane. The 

orders of planes and targets were randomly assigned to each 

subject. After finishing the reaching tests in all three planes, 

participants reached to touch each target for one second with 

vision allowed. Fingertip position from these trials were used 

as the reference location to compute reaching errors when 

comparing with earlier reaching trials without vision.

Data analysis
Skill Technology’s 6D Research software (Skill Technologies 

Inc, Phoenix, AZ, USA) was used to compute positions and 

orientations of the MB receivers, and a custom designed 

program converted the data into a format that was further 

analyzed with Datapac 2K2  software (Run Technologies, 

Mission Viejo, CA, USA). For kinesthetically guided reaching 

accuracy, endpoint fingertip position was compared with the 

reference position collected at the end of the experiment to 

determine reaching errors. The root mean square errors were 

computed to represent the overall reaching errors for group 

comparison. Shoulder rotation angles were also examined at 

the end of each reaching movement. They were computed 

by constructing a local humeral coordinate system followed 

by Cardan angle rotations about axes fixed to the humerus. 

Absolute position data from three noncollinear points (the 

acromion, elbow, and wrist receivers) were used to construct 

a local coordinate system for the humerus. The orientation of 

the humerus was then calculated by relating the local humerus 

coordinate system to the global system with a series of ordered 

rotations about the humeral axes: vertical axis (defines yaw 

angle), medial-lateral axis (defines elevation angle), and long 

axis of the humerus (defines internal/external rotation angle). 

For the current study, we only examined and reported shoulder 

external/internal rotation angle because shoulder external 

rotation is most likely to impose additional stress over the 

anterior shoulder capsule and potentially elicit changes of 

reaching strategy in subjects with anterior shoulder instability. 

Mean shoulder rotation angles of the eight trials to each target 

location were calculated and analyzed.

Three-way analysis of variance with one between-group 

factor (injured versus healthy shoulders) and two repeated-

measures factors (three planes and three target positions) 

was used to analyze endpoint reaching accuracy and shoul-

der rotation angle (and its consistency with various target 

locations). Tukey’s honestly significant difference test was 

used for post hoc testing of significant main and interaction 

effects. Because there were three levels (three targets) for the 

repeated-measure factors, adjustments in degrees of freedom 

using Greenhouse-Geisser correction were applied. The 

statistical significance level (P value) was set at 0.05 for all 

comparisons. All analyses were conducted using Statistica 

(StatSoft Inc, Tulsa, OK, USA).

Results
No statistically significant differences were found for kin-

esthetically guided reaching accuracy between the subjects 

with injured shoulders and those with healthy shoulders 

(Figure 2, F
1,23

  =  1.03, P  =  0.321). Further analysis indi-

cated that group × plane × height (F
4,92

 = 0.69, P = 0.483), 

plane × height (F
4,92

 = 1.92, P = 0.113), and group × height 

(F
2,46

 = 0.52, P = 0.598) interactions were not significant. 

However, the group  ×  plane interaction was statistically 

significant (F
2,46

  =  4.08, P  =  0.023). Subjects with a his-

tory of shoulder dislocation showed similar reaching errors 

in the parasagittal (0.14 cm more; P = 0.999) and oblique 

(0.36 cm less; P = 0.999) planes, but larger reaching errors 

(3.19 cm more, P = 0.437) in the frontal plane when com-

pared with healthy controls. The main effect for target height 

was statistically significant (F
2,46

 = 11.01, P , 0.001). Post 

hoc comparisons showed reaching accuracy to the bottom 

target was better than to the middle (P , 0.001) and top 

(P = 0.004) targets. The main effect for target plane was also 

statistically significant (F
2,46

 = 26.32, P , 0.001). Post hoc 

comparisons showed reaching accuracy to the parasagittal 

plane was better than to the oblique (P , 0.001) and frontal 

(P , 0.001) planes.
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Participants with a history of traumatic anterior shoulder 

dislocation showed significantly less external rotation when 

compared with participants with healthy shoulders during 

kinesthetically guided reaching (F
1,23

  =  7.54, P  =  0.011, 

Figure 3). The group × plane × height (F
4,92

 = 0.25, P = 0.104), 

plane  ×  height (F
4,92

  =  2.01, P  =  0.075), group  ×  height 

(F
2,46

 = 0.82, P = 0.383), and group × plane (F
2,46

 = 0.23, 

P = 0.722) interactions did not reach statistical significance. 

The main effect for target height was statistically significant 

(F
2,46

 = 87.87, P , 0.001). Post hoc comparisons showed that 

participants showed larger shoulder rotation angles when 

reaching to the high targets than to the middle (P = 0.001) 

and low targets (P , 0.001). The main effect for target plane 

was also statistically significant (F
2,46

 =  6.34, P =  0.003). 

Post hoc comparisons showed participants had less shoulder 

rotation angle when reaching to targets in the parasagittal 
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Figure 2 Mean root mean square errors of participants with healthy shoulders and participants with injured shoulders while reaching to targets at three different heights 
(top, mid, bottom) in three different planes (sagittal, oblique, frontal). 
Note: Error bars denote one standard deviation.
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plane than to targets in the oblique (P = 0.047) and frontal 

planes (P = 0.001).

Discussion
Reaching accuracy
Our findings support the hypothesis that those with a history 

of traumatic anterior shoulder dislocation actively reach to 

visually specified and remember targets in space as accurately 

as those with healthy shoulders, with a group difference of 

only 1 cm in overall root mean square errors in this study. 

This investigation indicates that individuals with injured 

shoulders have sufficient kinesthetic information to point as 

accurately to visually specified targets in space as individuals 

with healthy shoulders. That is, an individual with an injured 

shoulder is able to transform visually specified target loca-

tions into an upper limb configuration that enables them to 

place the hand near the target location.

Further analysis showed that kinesthetically guided 

reaching accuracy depended strongly on the target location. 

Participants showed the smallest reaching errors in the sagit-

tal plane and the largest errors in the frontal plane. Although 

the group differences did not reach significance in any of 

the three planes, participants with injured shoulders showed  

larger errors than controls in the frontal plane (3.2 cm dif-

ference) than in the sagittal (0.1 cm difference) and oblique 

(0.4  cm difference) planes. Subconscious fear of shoulder 

redislocation while positioning the shoulder near end-range of 

external rotation with abduction (to targets in the frontal plane) 

may account for this observation. Moreover, both participants 

with injured and healthy shoulders showed the smallest errors 

while reaching to the low targets. Because the low targets were 

located much closer to the index finger at its resting position 

than the other two targets, participants were able to view both 

the target and the hand at the same time before initiating the 

movement, thereby enhancing the reaching accuracy.

Shoulder rotation
Participants with a history of traumatic anterior shoulder 

dislocation pointed to the remembered location by adopting 

a different reaching strategy with different upper limb 

configurations, presumably to protect the injured shoulder 

near vulnerable positions. In the present work, participants 

with injured shoulders averaged external rotation angles 

which were 12 degrees smaller than for participants with 

intact shoulders. To our surprise, smaller shoulder external 

rotations were consistent for all targets at different heights 

and in different planes, not only in vulnerable shoulder 

positions. The lack of shoulder external rotation was not due 

to physical restraints nor discomfort, because all participants 

achieved more than 90 degrees of shoulder external rotation 

and had normal shoulder external rotation muscle strength in 

the screening test. The results of this investigation suggest 

that individuals with injured shoulders adapted a different 

pointing strategy with less shoulder external rotation, perhaps 

to protect the injured shoulder from further injury.

Limitations
We only recruited subjects with a confirmed diagnosis of 

shoulder dislocation from a university medical center and 

excluded subjects with only partial dislocation or sublux-

ation and weakness of the shoulder musculature. We tried to 

enhance the statistical power by matching the cohort control 

group (ie, gender, age, dominant/nondominant arm ratio, and 

fitness level). However, the small sample size in the current 

study could only detect a large effect size. Further investiga-

tion with a larger sample size would be beneficial.

For subjects with healthy shoulders, speed would not 

significantly impact three-dimensional reaching accuracy 

unless the speed is higher21, 22 or lower21 than normal. In the 

present study, the participants were asked to reach with 

natural/comfortable speed. Further research should con-

sider standardizing the movement speed of participants. 

Considering that accurate control of hand location is crucial 

in many sports that require a fast movement velocity (eg, 

baseball, football), future studies that compare endpoint 

reaching accuracy and upper limb kinematics during upper 

extremity movement at high velocities would also be 

beneficial.

Conclusion
The purpose of this investigation was to determine whether 

individuals with a history of traumatic anterior shoulder 

dislocation show larger endpoint errors than individuals 

with healthy shoulders in a kinesthetically guided voluntary 

reaching task that resembled functional activities. The second 

aim of the study was to determine if participants in both groups 

use similar shoulder orientation at the endpoint of such reaches. 

Participants with injured shoulders can point to visually 

specified and remembered targets in space as accurately as 

those with healthy shoulders. In addition, participants with 

injured shoulders used a different reaching strategy (less 

external rotation) to point to the visually remembered targets 

compared with those with healthy shoulders, perhaps to 

protect their injured shoulders. Even without surgical repair, 

individuals with a history of traumatic anterior shoulder 

dislocation have sufficient kinesthetic information about 
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their upper limb orientation to point accurately to visually 

specified targets in space. Therefore, shoulder instability did 

not cause significant functional impairment of the upper limb. 

Individuals with a history of anterior shoulder dislocation were 

able to engage appropriate motor control to modify their upper 

limb configurations (with less external rotation), presumably 

to protect their shoulders from recurrent injury.

Disclosure
The authors report no conflicts of interest in this work.
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