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Abstract
Age-related changes in proprioceptive ability and their contributions to postural instability have
been well documented. In contrast, and despite the known importance of proprioceptive feedback
in the control of coordinated arm and hand movement, studies focusing on upper limb
proprioception in older populations are few and equivocal in their findings. This study focused on
kinesthetic awareness about the wrist joint in healthy young and older adults. Passive movement
detection thresholds (PMDT) were twice as high in older compared to young participants. In
contrast to previous findings demonstrating asymmetries in static position sense, PMDT did not
differ between the dominant and non-dominant wrist joints nor did direction of joint displacement
affect PMDT as has been reported for the lower limb. Preliminary analysis indicated that PMDT
was significantly higher in older adults categorized as sedentary while active older adults were
able to detect passive movement as well as young adults. These findings demonstrate that upper
limb kinesthesia is impaired in older adults although the degree of impairment may be influenced
by one’s level of physical activity.

Introduction
The perception of limb position or joint motion in the absence of vision, collectively known
as proprioception, is considered a critical component in the control of voluntary movement.
Proprioceptive feedback from muscle, skin and joint mechanoreceptors is thought to play a
key role in the control of muscle interaction torques [39], coordinating sequential
movements involving multiple joints [8] and establishing an internal representation of body
position during the production of skilled movement [24]. Further, profound disturbances in
arm and hand function [38], postural control [35] and locomotion [27] occur in functionally
deafferented individuals with large sensory fiber neuropathy.

In older adults, declines in proprioceptive acuity have primarily focused on balance control
[10, 12] and an increased risk for falls in older adults [29, 30]. Static joint position sense
about lower limb joints deteriorates with age [17] as does the ability to detect joint motion
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(kinesthesia) [34, 48] and integrate both static and dynamic proprioceptive feedback during
more complex lower limb motor tasks [33, 46]. Despite the demonstrated importance of
proprioceptive feedback for coordinated hand and arm control, surprisingly few studies have
focused on age-related changes in proprioceptive acuity in the upper limb and those which
have been conducted are equivocal in their findings. Kokmen et al [26] found no differences
in passive detection of finger joint motion in young and older individuals while later studies
demonstrated age-related impairments in the ability to reproduce a passively determined
joint position of the index finger [11] and arm [40]. In contrast, Lovelace and Aikens [31]
found no age-related differences in proprioceptively-guided pointing accuracy, supporting
the conclusion that “proprioception in the arm and hand is relatively well preserved in
healthy older adults” [23]. More recently, however, we demonstrated that upper limb static
position sense is impaired in older adults. Using a limb position reproduction task, we
demonstrated that matching errors about the elbow [2] and wrist [1] were significantly
greater in older compared to young participants.

While evidence exists that position sense is impaired in the upper limbs of older adults, it is
not known whether more dynamic aspects of proprioception show similar declines.
Kinesthetic awareness relies heavily on the dynamic responsiveness of larger diameter
muscle spindle afferents and, in terms of assessing this aspect of proprioception, does not
require position matching-related muscle activation which can alter spindle sensitivity via
the fusimotor system. The present study was conducted to determine if the ability to
perceive passive movement about the wrist, as reflected by passive movement detection
thresholds (PMDT), is altered in older individuals. The experiment focused on wrist joint
kinesthetic ability given the importance of this joint in controlling finger force production
during prehension tasks [21, 28]. The influence of movement direction (flexion vs
extension) was also examined as it has been shown that knee flexion movements are more
easily perceived than extension movements in both young [47] and older [49] individuals.
Muscle spindle numbers are greater in muscles with larger cross sectional areas [3, 25] and
wrist flexor volume is twice that of the wrist extensors [22]. Thus, it was hypothesized that
wrist extension-directed movements which stretch the wrist flexors and thereby activate
muscle spindles would be more easily detected than flexion-directed movements. Passive
movement detection thresholds were also examined at both the dominant and non-dominant
wrist joints to determine if a non-dominant hand advantage for proprioceptive processing,
shown to exist in young individuals [17, 19] persisted with aging. Alternatively, long term,
use-dependent superiority of the dominant hand in the performance of fine motor skills [44]
may lead to enhanced perception of movement about the dominant wrist. Lastly, a
preliminary exploration of the effects of general physical activity on detection of passive
movement was conducted where it was hypothesized that PMDT would be higher in
sedentary compared to physically active older adults.

Methods
Participants

Ten older, independent community dwelling adults (6 males, 4 females, mean age: 79.5 +/−
2.2 yrs) participated in the study. All were in general good health with no reports of
neurological or musculoskeletal disorders. Range of motion about the shoulder, elbow and
wrist joints was normal as was cognitive function with MMSE scores greater than 26 [9].
Ten young (24.0 +/−2.3 yrs), gender matched participants served as a control group. All
participants were right-handed as determined by the Edinburgh Handedness Inventory and
none were engaged in intensive physical activity or had a history of music/dance training.
Written informed consent was obtained from each participant following procedures
established by the University of Michigan Institutional Review Board.
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Functional, Cognitive and Physical Activity Assessments
Each age group was characterized using standardized measures of manual dexterity (Nine
Hole Peg Test), attention and information processing speed during cognitive-motor tasks
(Trail Making Test, Parts A and B), and maximum grip force (average of two trials) using a
hand held dynamometer. In order to obtain preliminary evidence related to the effects of
general physical activity levels on PMDTs, older adults completed the Community Healthy
Activities Model Program for Seniors (CHAMPS) survey which determines the frequency
and duration of 41 physical activities ranging from light to moderately heavy tasks [42].
Based on this survey, estimated energy expenditure in kcal/per week was determined for the
older participants and they were sub-classified into an active (n=5) and sedentary (n=5)
group. Using a mean split of energy expenditure values, mean (+/− 1 SD) energy
expenditure for the active group was 4098 +/− 683 kcal/week and 1553 +/− 846 kcal/week
for the sedentary group.

Testing Paradigm
Blindfolded participants were seated with their forearms resting on fixed lever arms of a
manipulandum apparatus. Shoulder position was 20–30 deg flexion and 45–55 deg
abduction, with the elbow joint flexed at approximately 100 deg. The forearms were
semipronated and stabilized by neoprene straps. The hands and fingers were supported by a
custom made splint attached to the moving lever arms of the manipulanda with the digits in
a relaxed, slightly flexed position. These supports provided light contact and stability of the
hand to limit cutaneous information during slow displacement at the wrist. The axis of wrist
joint rotation was aligned to the axis of rotation of the manipulandum for a neutral starting
position (0 deg extension). Two servo-motors (Smartmotor™) passively displaced the wrist
at 0.5 deg/s in a random flexion or extension direction. During wrist displacements, the
participants were instructed to press an indicator switch held in the opposite hand when they
first perceived any passive movement at the wrist being tested. Once the indicator switch
was pressed, the servomotor was automatically turned off. Following movement detection,
the wrist was passively returned to the starting position. Participants were instructed to
completely relax throughout wrist displacement and test trials were repeated if any evidence
of active movement was observed in the real-time wrist displacement records.

Data Collection and Analysis
Trials involving the right dominant and left non-dominant wrists were counter-balanced
across participants for a total of 16 possible trials per participant. Data were acquired for 15
s and a 30 s rest was allowed between each trial. Wrist joint position was recorded from
potentiometers mounted beneath the pivot point of each manipulandum and digitized at 100
Hz. Data were low pass filtered with a 4th order Butterworth filter (zero phase lag, 6 Hz cut
off freq) and analyzed using customized software (LabVIEW™, National Instruments). The
PMDT was defined as the amount of wrist displacement (deg) which occurred when the
participant first perceived movement, and pressed the switch.

Statistical Analysis
A two-way (young vs older group, dominant vs non-dominant hand) repeated measures
analysis of variance (ANOVA) was used to determine differences in the nine hole peg test
and maximium grip force. In order to determine changes in PMDT, a three-way (group,
hand, direction of displacement) ANOVA was used to determine main and interaction
effects. A secondary, one way ANOVA using data collapsed across nonsignificant factors
was performed to examine the effect of physical activity on PMDT in older individuals.
Post-hoc comparisons were performed using Sidak adjustments for multiple comparisons.
All statistical analyses were conducted using PASW18 software. All tests were two-tailed
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and the significance level was set at p< 0.05. Effect size (ES) was calculated using Cohen’s
D method where an effect size of 0.2 is considered a small effect, 0.5 is a moderate effect,
and over 0.8 a strong effect [7].

Results
Manual dexterity scores were significantly lower in the older compared to young group for
both the dominant (p<.01, ES: 1.62) and non-dominant (p<.001, ES: 1.97) hands (Table 1,
Nine-Hole Peg Test). While hand differences were not significant in the young group (p=.
16, ES: .52), asymmetries existed in the older group with better right dominant than left non-
dominant hand performance (p<.001, ES: .65). Maximum grip force was also asymmetric
with greater grip forces seen for the dominant hand in both the young (p<.01, ES: .22) and
older groups (p<.01, ES: .38). Maximum grip force did not reach statistical significance
between groups although effect sizes were moderate (dominant hand: p=.23, ES: .57; non-
dominant hand: p=.18, ES: .61). Trail Making Test scores were normal for age and
education [45]. Correlations between manual dexterity scores and PMDT were not
significant for either age group or hand (p>.5).

Passive Movement Detection Thresholds
Passive movement detection thresholds in older participants were twice that of young
participants (p< .01, ES: 1.25). Young adults were able to detect joint movement following
approximately 1 deg of passive displacement while, in the older group, a mean displacement
of 2 deg was required. However, the direction of displacement (i.e. flexion vs extension) did
not affect PMDT in either group (Y-right: p=.46, ES: .43; Y-left: p=.88, ES: .11; O-right:
p=.43, ES: .21; O-left: p=.20, ES: .73)

No asymmetries between the dominant and nondominant limbs were observed in either age
group. In young participants, the ability to perceive joint motion was virtually identical for
both the right and left wrists (PMDT right: 0.99 deg, left: 0.95 deg; Fig. 1). While there was
a trend towards increased PMDT for the left, non-dominant wrist in the older group (PMDT
right: 1.82 deg, left: 2.22 deg), differences were not statistically significant and the effect
size was small(p=.087, ES: .22).

A secondary analysis based on energy expenditure revealed that older adults classified as
sedentary showed greater impairments in the ability to detect passive movement compared
to the older active group (p<.05, ES: 1.15) and the young (p<.01, ES: 2.01) groups (Fig. 2).
In contrast, no differences in PMDT were seen between the young and older active groups
(p=.078, ES. 63). Despite the small elderly sample, effect size calculations revealed a very
strong effect of physical activity on PMDT when comparing the older active and sedentary
groups.

Discussion
The results presented here support the view that impaired proprioceptive ability in older
adults is a generalized phenomenon and not restricted to lower limb balance control. These
data are the first to provide strong evidence that the ability to detect wrist joint motion is
significantly impaired in healthy older adults with clinically normal cognitive function, a
finding which extends our previous observations showing declines in elbow and wrist static
position sense in older adults [1, 2]. Further, declines in kinesthetic ability were comparable
to that reported for the ankle joint [48, 49], suggesting that age-related proprioceptive
impairment may be independent of limb function. This is consistent with findings in middle-
aged adults with knee osteoarthritis where declines in the ability to detect passive movement
occurred at both the knee and elbow joints [32].
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While lower limb proprioceptive deficits have been implicated in increased risk of falls in
the elderly [29, 30], the functional consequences of impaired elbow or wrist proprioceptive
ability relate more to precise dynamic or static control of goal-directed arm movements.
Previously, we found that mean elbow position matching errors in older adults were almost
40 percent greater than errors made by young adults which, functionally, could lead to an
end-point hand position error of 4–5 cm [2]. Proprioceptive feedback may also compensate
for changes in wrist position due to interactional torques developed during multi-joint arm
movements–a control strategy shown to be impaired in functionally deafferented individuals
[39]. In the case of wrist PMDT, it is well established that maximum finger force production
is highly dependent on maintaining an optimal wrist position which facilitates the force
producing capability of the extrinsic finger muscles [21, 36]. Deviations from an optimal
neutral or slightly extended wrist position biomechanically decrease muscle tendon moment
arms and also affect finger force sharing capability during different types of precision grasp
tasks [28]. Thus, proprioceptive monitoring of wrist position may assist in maintaining an
optimal wrist position during object grasping and manipulation tasks. The lack of an
observed correlation between hand manipulation ability and PMDT in the present study may
be due to the low forces required to manipulate small pins and thus future studies should
address the relationship between proprioceptive deficits and a broader range of upper limb
functional activities.

Directional Sensitivity in Passive Movement Detection Thresholds
Passive movement detection thresholds were comparable regardless of the direction of wrist
movement in both young and older groups a finding which contrasts previous studies
demonstrating a directional sensitivity in the perception of lower limb motion. Weiler and
Awiszus [47] reported that, in young adults, flexion movements about the knee were
perceived at lower thresholds than extension movements, a finding subsequently confirmed
in an older population [49]. More recently, it was shown that at movement speeds greater
than 10 deg/s, a similar asymmetry in directional sensitivity was observed for the knee. In
this case, however, the effect was reversed with extension movements being more easily
detected than flexion movements [4]. It has been postulated that such directional differences
may be due to asymmetries in antagonistic muscle mass, strength, and density and
distribution of muscle spindles [47].

Given that wrist flexor cross-sectional area is approximately twice that of wrist extensors
[22] and, assuming comparable muscle spindle densities, it was hypothesized that extension
directed motion would be more easily detected, particularly in young adults, as a result of
stretching the flexor muscles. It is possible that the lack of directional sensitivity seen here
may be related to the relatively slow speed of joint displacement used in the present study
since it is known that the stretch response of muscle spindles is speed sensitive [5]. It is also
possible that positioning the wrist in a neutral position may have minimized any directional
sensitivity to passive joint displacement. Thus, future studies examining potential
differences between flexion and extension displacements across the range of wrist joint
movement are warranted.

Asymmetries in Passive Movement Detection Thresholds
In younger individuals, static position sense about the elbow is asymmetric with the non-
dominant arm exhibiting an enhanced ability to utilize limb position feedback [16, 18]. This
has been interpreted as reflecting specialization of the non-dominant arm/hemisphere system
for the processing of position-related proprioceptive feedback [15] and is also seen in left-
handed individuals [19]. In older adults, asymmetries in wrist [1] and elbow [2] position
sense have been also reported but primarily in conditions requiring interhemispheric transfer
of position-related information (i.e. matching with the opposite limb). Less is known
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regarding kinesthetic asymmetries although the ability to reproduce the dynamic
characteristics of a proprioceptively-guided movement does not differ between the two arms
in young adults [14]. In the present study, it was expected that, as a result of a lifetime of
dominant hand use, detection of passive movement about the right wrist would be enhanced.
The lack of hand asymmetry in kinesthetic awareness may be the consequence of increased
bilateral activation of somatosensory cortical areas [17] which also supports recent findings
demonstrating a reduction in kinematic asymmetries during the performance of visually-
guided reaching movements [37]. These observations extend the view that bilateral
activation of sensorimotor areas may be a hallmark of the aging process, reflecting
neurodegenerative processes such as a reduction in cortical inhibition and/or compensation
for less efficient contralateral function [13, 43]. However, it should be noted that, in the
present study, age-related motor asymmetries were observed for manual dexterity tasks
which underscores the influence of task when assessing asymmetries in upper limb
performance [44].

Role of Physical Activity and Proprioception
Although based on a small sample, general physical activity levels influenced the ability of
older adults to perceive passive wrist motion. Older active adults performed almost as well
as young adults while movement detection thresholds in older sedentary adults were almost
twice as great as those seen in older active adults. It is well established that physical activity
contributes to improved health in elderly individuals [6, 41], but it is unclear whether similar
benefits apply to proprioceptive function. There is some evidence that the ability to use
proprioceptive feedback about the ankle joint is enhanced in physically active older adults.
For example, Xu et al. [49] showed that kinesthetic awareness was greater in elderly Tai Chi
practitioners compared to sedentary older adults. Recently, we demonstrated a similar effect
for upper limb static position sense where physically active older adults performed as well
as young individuals [1]. Preliminary evidence presented here provides further support for
the notion that age-related declines in proprioceptive function may be ameliorated by a
physically active lifestyle. These findings also underscore the importance of taking into
account general physical activity levels when measuring sensorimotor performance in older
populations.

Conclusions
The results of this study provide valuable information changes in regarding movement-
related proprioception in older adults. Not only do the findings extend our understanding
regarding the extent of age-related proprioceptive declines but provide preliminary evidence
of the value of physical activity in maintaining somatosensory function. These results also
have clinical value. As recently noted by Hagert et al [20], there is a paucity of both basic
and applied research focused on wrist proprioceptive rehabilitation. This is particularly
relevant for our aging society where declines in hand function due to long term
neuromuscular degeneration and/or acute trauma such as colles fractures are common.
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Highlights

• Determine if upper limb kinesthetic awareness declines with aging

• Passive movement detection thresholds twice as great in older adults

• No asymmetries between the arms in young or older adults

• Thresholds greater in older sedentary compared to older active adults

• Arm kinesthetic sense declines with age but may be improved by physical
activity
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Figure 1.
Mean (+/− 1 SE) passive movement detection thresholds (PMDT) in young and older adults.
Open bars represent data obtained from movements made about the right dominant wrist
joint; hatched bars, left, nondominant wrist joint (flexion and extension data collapsed).
Threshold measures reflect the magnitude of passive joint displacement required to detect
movement.
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Figure 2.
Mean (+/− 1 SE) passive movement detection thresholds (PMDT) in young, older-active,
and older-sedentary adults. (*p<.05, **p<.01)
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