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As soon as the participant feels a joint movement, he/she 
presses a handheld switch and tells the researcher which 
joint was moved and in which direction.  Proprioceptive 
acuity was measured as the amount of angular 
displacement when a participant felt the movement. 

Results

• Patients post stroke had higher proprioception
thresholds at the shoulder, elbow and wrist than those
of healthy controls (P<0.05).

• The sensory deficits tend to be more serious in joint
extension at the elbow and wrist joints.

Introduction
• Stroke survivors experience sensory impairment,

which was reported as a main predictor for motor
recovery post stroke. Understanding the
characteristics of somatosensory deficits post
stroke is helpful in motor relearning and recovery.
Previous studies of touch and proprioception
focused on characteristics of a single joint (Pumpa,
Cahill, & Carey, 2015; Winward, Halligan, & Wade,
1999). There has been a lack of characterization of
multi-joint proprioception and their changes post
stroke. Considering that human functional activities
almost always involve multiple joints
simultaneously, examination and treatment of
multiple joints are important.

• Objectives
• To investigate the somatosensory perceptions at

the shoulder, elbow and wrist joints and their
changes post stroke, as compared to that of healthy
subjects.

Methods
• Six stroke survivors (4 males & 2 females) and six

healthy controls (5 males & 1 female) participated
in this study. They signed informed consent form
approved by the Institutional Review Board. A
custom multi-joint upper-limb rehabilitation robot
was employed to evaluate proprioceptive acuity at
the shoulder, elbow and wrist joints (Fig. 1). Each
participant sat on an adjustable chair without
looking at the robotic arm and his/her own arm. An
individual joint of his/her arm was randomly
selected and moved slowly at 0.5 degree/sec by the
rehabilitation robot.

Discussion & Conclusion
• Quantitative evaluations of somatosensory deficits post
stroke is important in diagnosis and characterizations of
the multi-joint somatosensory impairments and in
planning impairment-specific sensorimotor rehabilitation.
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Fig. 1. Characterization of proprioception acuity at the 
shoulder, elbow and wrist using a multi-joint rehabilitation 
robot (IntelliArm). 
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Sh-HAb Sh-HAd El-Ex El-Fl Wr-Ex Wr-Fl

Stroke -11.19 13.45 -16.27 18.21 -30.62 8.43
(±4.75) (±4.94) (±8.43) (±9.31) (±17.57) (±2.21)

Health -4.14 4.07 -3.83 3.24 -4.30 4.52
(±4.98) (±2.60) (±2.59) (±1.85) (±2.37) (±3.34)

Fig. 2. Proprioception acuity at the shoulder, elbow and 
wrist of 6 stroke survivors as compared to that of 6 healthy 
controls. 

Proprioception acuity of the horizontal abduction (Sh-HAb) and
adduction (Sh-HAd), elbow flexion (El-Fl) and extension (El-Ex), and
wrist flexion (Wr-Fl) and extension (Wr-Ex) of stroke survivors as
compared to healthy subjects.


