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With a clinical goniometer we measured the ability of 29 normal women to 
(a)  reproduce the perceived position of each knee with that of the other 
knee, and (bl reproduce from memory the perceived resting position of 
each knee following its return to rest. Fifteen subjects were under 30 
years old and 14 were over 60. The younger group scored higher in all tri- 
als. This study suggests the existence of an age-related change in propri- 
oception and static joint position sensation in women and provides a basis 
for further investigation of contributory factors of musculoskeletal 
trauma in the elderly. 
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Elderly persons require a longer time than 
younger people to carry out movements, and 
fail to adjust their movements to compensate 
for errors (Brocklehurst et al. 1982, Dornan et 
al. 1979, Horch et al. 1975, Kokmen et al. 
1978, Laidlaw & Hamilton 1937). Disability in 
organ systems other than bone may play a con- 

~ tributory role in limb fractures in the elderly 
(Brocklehurst et al. 1978, 1982, Dornan et al. 
1979, Garraway et al. 1979, Iskrant 1968, 
Johnson & Hawkins 1972, Overstall et al. 
1977). We undertook this study to answer the 
question: "Are there age-related changes in 
proprioception and static joint position sensa- 
tion?" 

Patients and methods 
We studied 29 normal women in two age groups: 15 
were under 30 years old with a mean age of 24 (22- 
27) years and 14 were 60 years and older with a 
mean age of 70 (60-80) years. All subjects were se- 
lected from a pool of normal hospital volunteers. 

Any patient with a history of neurornuscular, ar- 
throskeletal, rheumatologic, or cardiovascular dis- 
ease, as well as any patient with a history of diabetes 
or lower limb fractures was excluded. All subjects 

had a normal pre-testing examination to exclude pe- 
ripheral vascular disease and peripheral neuro- 
pathy. 

Each subject wore a hospital gown and sat on a 
Bloomquist quadriceps table with a backrest and ad- 
justable padded leg supports. The heels rested st?- 

curely on a foam rubber bar to negate sensory tactile 
input from movement of clothing across the skin and 
joint surfaces. 

With a translucent degree-calibrated clinical go- 
niometer, the therapist measured the ability of each 
volunteer to: (a) reproduce the perceived position of 
each knee placed at 15", 30", and 70" with that of the 
contralateral knee a t  15 and 60 s following static po- 
sitioning of the knee. 

Following the matching of static limb position, the 
short-term memory of ipsilateral knee position was 
tested. With the subject in a sitting position, on the 
quadriceps table, the right knee was placed in 20" of 
flexion and held in that position for 15 s before being 
returned to rest a t  90". At 15 and 60 s following the 
return to the resting position, the subject was asked 
to reproduce the knee joint position with the same 
limb. The test was also conducted at the position of 
70" knee flexion. The entire test was repeated with 
the left knee. 

All tests were performed on both lower limbs. All 
29 subjects had all tests completed. The standard de- 
viation of measurement error attributable to the 
clinical goniometer was 5". 
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Statistical analysis 
Direct comparison was made between the control 
and experimental groups for both direct matching 
and memory data. Paired t-tests were used to com- 
pare the right and left sides in all experimental 
groups. Sample Student's t-tests were performed for 
the two age groupings, and p < 0.05 was chosen as 
the criterion for statistical significance. 

Results 
The younger age group had higher ability to 
match the resting position of the contralateral 
knee joint a t  all times and in all positions (Ta- 
ble 1). The average absolute difference in the 
matching test was 4 degrees for individuals un- 
der 30 and 7 degrees for individuals aged 60 
and older. 

On comparing the sequential runs, the re- 
corded error within each group was constant 
throughout all of the trials, again with a differ- 
ence between the two age groups. 

In the matching data for the set angles of 
15", 30", and 70" there was consistency in both 
the under 30-year-old and over 60-year-old 
groups, with a significant difference in the ol- 
der group a t  knee joint angles of 70". 

In analyzing the data to see what percentage 
of the trials overshot or undershot the set an- 
gle on the matching trials, we found no differ- 
ence in the under 30-year-old, but a tendency 

Table 1. Summary of derived data from direct matching 
experiments (mean 2 SEM). * (0.05 
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Figure 1. Age-related direction of error in direct matching 
trials (mean f SEM). 

to underestimate knee joint angle in the older 
group (Figure 1). 

Analysis of the data from the ipsilateral 
memory tests revealed a difference (p < 0.05) 
between the two age groups in all categories. 

The memory data for ipsilateral knee joint 
positioning following return of the knee joint to 
a resting position after 15 and 60 s revealed a 
difference between the two times within each 
S O U P .  

Discussion 
Human subjects are aware of the position of 
their limbs, both while stationary and while 
they are moving (Burgess 1976, Cohen 1958, 
Grigg et al. 1973, Grillner 1979, Horch et al. 
1975, Laidlaw & Hamilton 1937, Lloyd & Cal- 
dwell 1965, Mountcastle & Powell 1959, 
Mountcastle 1980, Rymer & D'Almeida 1980, 
Skinner et al. 1984). 

In a study of perception of passive movemeiit 
in 60 normal control subjects, there was a wide 
range in the perceived movement threshold, 
most marked among the older age-group (Laid- 
law & Hamilton 1937); the percentage of error 
in judging the direction of the passive move- 
ment was higher in the older age-group. How- 
ever, neither determinations of the normal 
limit of error in perceiving joint position among 
older people nor consideration of static joint 
sensation was undertaken. Recently, Kokmen 
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et al. (1978) found that there was some decline 
in joint motion sensation with aging in normal 
subjects from 61 to 84 years of age. 

An increased incidence of falls in the elderly 
has been correlated with loss of proprioception 
(Brocklehurst e t  al. 1978, Iskrant 1968, Over- 
stall et  al. 1977). Age-related changes have 
been shown to occur in other sensory systems, 
and dysfunction of any of these inter-related 
systems may contribute to the final outcome of 
falls with fractures (Dornan et al. 1979, John- 
son & Hawkins 1972, Brocklehurst et  al. 
1983). 

Although the measurements were obtained 
using a standard clinical goniometer (Boone & 
Azen 1979), our tests did not attempt to estab- 
lish absolute values, but rather significant dif- 
ferences between joint positions at various an- 
gles and various times. Our study suggests 
that a large-scale investigation of age-related 
threshold measurement for the perception of 
joint motion should be performed in both males 
and females. Any changes in joint position sen- 
sation could be compared in the same individ- 
ual with threshold of joint motion sensation, a 
modality which Kokmen et  al. (1978) did not 
find changes appreciably with age. 

Although socially active and neurologically 
normal, our small number of patients may not 
adequately reflect the normal heterogeneity of 
the world’s elderly women. The perception of 
joint position sensation in the elderly was ei- 
ther equal to or larger than the error in the 
younger age-group in all subgroups analyzed. 

References 
Boone, D. C. & Azen, S. P. (1979) Normal range of 

motion of joints in male subjects. J .  Bone Joint 
Surg. 63,756-759. 

Brocklehurst, J. C., Exton-Smith, A. N., Lempert- 
barber;S. N., Junt, L. P. & Palmer, M. K. (1978) 
Fractures of the femur in old age: a two center 
study of associated clinical factors and the cause of 
fall. Age Aging 7,7-15. 

Brocklehurst, J. C., Robertson, D. & James-Groom, 
P. (1982) Clinical correlates of sway of old age - 
sensory modalities. Age Aging 11, 1-10. 

Burgess, P. R. (1976) General properties of mecha- 
noreceptors that signal the position of the integ- 
ument, teeth, tactile hairs, and joints. Progr. 
Brain Res. 43,205-212. 

Cohen, L. A. (1958) Analysis of position sense in hu- 
man shoulder. J. Neuroph.ysio1. 21, 550-562. 

Dornan, J.,  Fernie, G. R. & Holliday, P. J .  (1979) Vi- 
sual input in the control of postural sway. Arch. 
Ph,ys. Med. Rehabil. 59, 586. 

Garraway, W. M., Stauffer, R. N., Kurland, L. T. & 
O’Fallon, W. M. (1979) Limb fractures in a defined 
population I. Frequency and distribution. Muyo 
Cliri. Proc. 54, 701-707. 

Grigg, P., Finerman, C .  & Riley, L. H. (19’73) Joint 
position sense after total hip replacement. J. Bone 
Joint Surg. 55-A, 1016-1025A. 

Grillner, S. (1979) Interaction between central and 
peripheral mechanisms in the control of locomo- 
tion. Progr. Brain Res. 50,227-235. 

Horch, K. W., Clark, F. J. & Burgess, P. R. (1975) 
Awareness of knee joint angle under static condi- 
tions. J. Neuroph.ysio1. 38, 1436-1447. 

Iskrant, A. P. (1968) The etiology of fractured hips in 
females. Am.  J. Publ. Hlth. 58,485. 

Johnson, L. G. & Hawkins, J. E. (1972) Sensory and 
neural degeneration with aging as seen in micro- 
dissection of the human inner ear. Ann. Otol. 81, 
179. 

Kokmen, E., Bossemeyer, R. W. & Williams, W. J. 
(1978) Quantitative evaluation of joint motion 
sensation in an aging population. J. Cerontol. 33, 
62-67. 

Laidlaw, R. W. & Hamilton, N. A. ( 1937) A study of 
thresholds in apperception of passive movement 
among normal control subjects. Bull. Neurol. Inst. 
6,268-273. 

Lloyd, A. J .  & Caldwell, L. S. (1965) Accuracy of ac- 
tive and passive positioning of the leg on the basis 
of kinesthetics. J. Comp. Physiol. Psychol. 60, 

Mountcastle, V. B. & Powell, T. P. S. (1959) Central 
nervous mechanisms subserving position sense 
and kinesthesia. Bull. Johns Hopkins Hosp. 105, 

Mountcastle. V. B. (1980) Neuromechanisms in 
somesthesis, In: Medical physiology, Ch. 12. C. V. 
Mosby Co., St. Louis. 

Overstall, P. M., Exton-Smith, A., Imms, F. J. & 
Johnson, A. L. (1977) Falls in the elderly related to 
postural imbalance. Br. Med. J .  1, 261. 

Rymer, W. Z. & DAlmeida, A. (1980) Joint position 
sense: the effects of muscle contraction. Brain 103, 
1-22. 

Skinner, H. B., Barrack, R. L., Cook, S. D. & Had- 
dad, R. J .  (1984) Joint position sense in total knee 
arthroplasty. J. Orthop. Res. 1, 276-283. 

102-106. 

173-200. 


