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Abstract: Background: Previous research has suggested a decline in knee 

proprioception with age. Furthermore, regular participation in physical 

activity may improve proprioceptive ability. However, there is no large 

scale data on uninjured populations to confirm these theories. Therefore, 

the aim of this study was to provide normative knee joint position data 

from healthy participants aged 18-82y to evaluate the effects of age, 

physical activity and knee direction. Methods: A sample of 116 

participants across five age groups: 15-29y (mean=22y), 30-44y 

(mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) 

was used. The main outcome measures were knee joint position sense 

absolute error scores into flexion and extension, Tegner activity levels 

and General Practitioner Physical Activity questionnaire results. 

Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 

3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° 

for ages 15-29, 30-44, 45-59, 60-74 and >75 years old respectively. Knee 

extension and flexion absolute error scores were significantly different 

when age group data were pooled. There was a significant effect of age 

and activity level on joint position sense into knee extension. Age and 

lower Tegner scores were also negatively correlated to joint position 

sense into knee extension. Conclusions: The results provide some evidence 

for a decline in knee joint position sense with age. Further, active 

populations may have heightened static proprioception compared to 

inactive groups. Normative knee joint position sense data is provided and 

may be used by practitioners to identify patients with reduced 

proprioceptive ability. 
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Background: Previous research has suggested a decline in knee proprioception with age. 

Furthermore, regular participation in physical activity may improve proprioceptive ability. 

However, there is no large scale data on uninjured populations to confirm these theories. 

Therefore, the aim of this study was to provide normative knee joint position data from 

healthy participants aged 18-82y to evaluate the effects of age, physical activity and knee 

direction. Methods: A sample of 116 participants across five age groups: 15-29y (mean=22y), 

30-44y (mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) was 

used. The main outcome measures were knee joint position sense absolute error scores into 

flexion and extension, Tegner activity levels and General Practitioner Physical Activity 

questionnaire results. Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 

3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 

45-59, 60-74 and >75 years old respectively. Knee extension and flexion absolute error 

scores were significantly different when age group data were pooled. There was a significant 

effect of age and activity level on joint position sense into knee extension. Age and lower 

Tegner scores were also negatively correlated to joint position sense into knee extension. 

Conclusions: The results provide some evidence for a decline in knee joint position sense 

with age. Further, active populations may have heightened static proprioception compared to 

inactive groups. Normative knee joint position sense data is provided and may be used by 

practitioners to identify patients with reduced proprioceptive ability.  

Key Words: Proprioception; Knee Flexion; Knee Extension; Age; Physical Activity.  
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Highlights 

 

 Normative absolute error scores ranged from 2.5° - 3.9°. 

 Knee extension and flexion error scores are significantly different when age group 

data were pooled. 

 Active participants had better knee proprioception than inactive participants. 

 There may be an age related decline in knee proprioception. 
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Background: Previous research has suggested a decline in knee proprioception with age. 20 

Furthermore, regular participation in physical activity may improve proprioceptive ability. 21 

However, there is no large scale data on uninjured populations to confirm these theories. 22 

Therefore, the aim of this study was to provide normative knee joint position data from 23 

healthy participants aged 18-82y to evaluate the effects of age, physical activity and knee 24 

direction. Methods: A sample of 116 participants across five age groups: 15-29y (mean=22y), 25 

30-44y (mean=38y), 45-59y (mean=52.5y), 60-74y (mean=66y) and >75y (mean=76.5) was 26 

used. The main outcome measures were knee joint position sense absolute error scores into 27 

flexion and extension, Tegner activity levels and General Practitioner Physical Activity 28 

questionnaire results. Results: Absolute error scores in to knee flexion were 3.6°, 3.9°, 3.5°, 29 

3.7° and 3.1° and knee extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 30 

45-59, 60-74 and >75 years old respectively. Knee extension and flexion absolute error 31 

scores were significantly different when age group data were pooled. There was a significant 32 

effect of age and activity level on joint position sense into knee extension. Age and lower 33 

Tegner scores were also negatively correlated to joint position sense into knee extension. 34 

Conclusions: The results provide some evidence for a decline in knee joint position sense 35 

with age. Further, active populations may have heightened static proprioception compared to 36 

inactive groups. Normative knee joint position sense data is provided and may be used by 37 

practitioners to identify patients with reduced proprioceptive ability.  38 

 39 

Key Words: Proprioception; Knee Flexion; Knee Extension; Age; Physical Activity.  40 

 41 

 42 
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1. Introduction 43 

The subject of proprioception is steeped in history. For at least 400 years researchers have 44 

investigated how people are able to perceive and accurately control limb movements without 45 

visual input [38]. Sherrington [50] first published the word proprioception describing it as “a 46 

deep field of receptors in which stimuli are traceable to actions of the organism” [50, p.472]. 47 

Important spatial and temporal afferent information is provided by specialised 48 

‘proprioceptors’ or mechanoreceptors located in and around joints [19]. These receptors 49 

include muscle spindles, Golgi tendon organs, ruffini nerve endings, pacinian corpuscles, 50 

Meissen’s corpuscles and Merkel’s discs [41]. Receptor afferent information is transmitted by 51 

transforming the mechanical energy caused by physical deformation of the joint and muscles 52 

to electrical energy of nerve action potential [51]. This information is transmitted to the 53 

central nervous system (CNS) and in turn organised and managed in various higher order 54 

areas [6]. Motor control commands are sent to relevant muscles around the joint to ensure co-55 

ordinated, effective movement [47]. Therefore proprioception has an important role in normal 56 

co-ordinated movement and effective motor control.   57 

Various types of mechanoreceptors have been located in and around the knee joint that 58 

contribute to knee joint homeostasis [24]. Therefore the majority of tissues in this joint and its 59 

surrounding muscles provide important afferent information on position and movement [24]. 60 

Practitioners can measure static knee joint proprioception ability using joint position sense 61 

(JPS) measures [44]. These protocols involve measurement of an error angle, taken from the 62 

difference between a target knee angle set by the researcher and a reproduced knee angle 63 

completed by the participant [5,44]. However, measurement techniques have been varied and 64 

potentially lacking in validity and reliability [45]. With up to 12 decisions to make for each 65 

JPS measurement (warm-up, instrumentation, leg, position of participant, knee angle starting 66 

position, angular velocity, direction of movement, target angle, hold time, reproduction 67 
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technique, number of trials, outcome measure) it may not be surprising there is variation in 68 

measurement techniques. Therefore the reliability and validity of a methodology should be 69 

established before collection of joint position sense data [51]. 70 

An increase in age may be correlated to a decrease in certain musculoskeletal and 71 

neurological systems [16]. Therefore it is perhaps no surprise research has identified a 72 

proprioceptive decline with an increase in age. The results of cross-sectional research 73 

evidence shows reductions in static (JPS) proprioceptive ability with older populations [4, 27, 74 

28, 35, 36]. This has been explained using theory on both peripheral and central adaptations. 75 

Furthermore, Herter, Scott and Dukelow [18] considered upper limb joint position sense in 76 

209 healthy males and females aged between 18 and 90 and reported an age-related decline. 77 

However there is no normative knee data available that considers a large range of adult ages 78 

across a healthy population. This is needed to inform clinicians and their treatment of 79 

proprioceptive deficits.   80 

Regular physical activity has many health benefits and the majority of research would 81 

suggest an enhanced proprioceptive ability is one of those benefits. Many studies consider the 82 

effects of regular physical activity and proprioception using elderly populations [29, 30, 36, 83 

43, 56, 58]. The type of exercise implemented in this research ranges from Tai Chi, golf, 84 

swimming, running and strength training. Results are of the same consensus; regular physical 85 

activity appears to heighten knee proprioception. In particular with the elderly groups, regular 86 

exercise may indeed attenuate the age related decline in proprioception. This is explained by 87 

exercise induced adaptations at both peripheral and central areas. It is thought the latency of 88 

the stretch reflex is reduced and the amplitude of the stretch reflex is increased as a result of 89 

regular exercise [21]. The repetitive nature of exercise may also improve the effectiveness of 90 

the gamma motor neuron route [43]. This also improves central processing of afferent 91 

information [57]. Therefore regular exercise is thought to improve knee proprioception. 92 
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Despite these theories on an age decline and physical activity attenuation of knee joint 93 

position sense, it is unknown as to what constitutes “normal” static proprioceptive ability. 94 

Callaghan, Selfe, Bagley and Oldham [9] suggests “good” levels of knee proprioception to be 95 

below an absolute mean error score of 5°, however this figure appears arbitrary. There is also 96 

no large scale normative knee data taken from a range of ages and physically active 97 

populations to substantiate previous theories. Therefore the aim of the current study were to 98 

collect normative knee joint position sense from a representative sample of the population 99 

using a previously validated and reliable protocol. Furthermore, the study aimed to consider 100 

the effects of age and physical activity levels on knee joint position sense.  101 

2. Method  102 

A sample size calculation (G*Power, version 3.1.6, Germany) was utilised to provide an 103 

appropriate sample size producing 90% power and alpha set at 0.05. Using the independent t-104 

test method, the effect size was calculated using the mean JPS scores and accompanying 105 

standard deviations from meta-analysis data [45] as previous JPS data were not available on a 106 

large-scale uninjured sample. This meta-analysis data considered differences in knee joint 107 

position sense between patients with anterior cruciate ligament injuries and uninjured 108 

controls. Therefore this sample size is representative of a large uninjured group that may be 109 

used in comparison to an injured group in future research. 110 

The calculated appropriate sample size was 104, however the actual sample acquired was 111 

116. The sample size was then divided into appropriate age groups, based on UK population 112 

statistics [34]. This resulted in a target of 29 participants aged 15-29, 25 participants aged 30-113 

44, 25 participants aged 45-59, 26 participants aged 60-74 and 11 participants aged 75 and 114 

over. The participants were recruited using convenience but purposive sampling techniques. 115 

Table 1 details the sample. The exclusion criteria for participants included neurological 116 
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disease, hearing deficiencies, current lower extremity injury, a history of lower extremity 117 

injury (within the last six month) and/ or surgery, participation in activity such as dance or 118 

gymnastics that may induce heightened proprioception and the inability to hold the knee in 119 

full knee extension whilst seated. Participants also completed four self-assessment surveys to 120 

indicate general activity levels that may not be specific to sport or exercise (General 121 

Practitioner Physical Activity Questionnaire, Appendix 1), activity levels based on sport and 122 

exercise (Tegner Activity Survey, Appendix 2), and current knee condition to identify any 123 

undiagnosed knee problems that may exclude the participant from the study (Knee injury and 124 

Osteoarthritis Outcome (KOOS), Appendix 3 and Lysholm Score, Appendix 4).  Please see 125 

appendices for copies of these surveys with accompanying scoring methods. Participants read 126 

an information sheet and provided written informed consent. This study was approved by the 127 

University ethics board (Ref09/25). 128 

Participants wore shorts and removed the sock and shoe from their dominant leg. The 129 

participants were prepared for data collection by placing markers on the following anatomical 130 

points; a point on a line following the greater trochanter to the lateral epicondyle, close to the 131 

lateral epicondyle (placement of a marker directly on the greater trochanter is difficult due to 132 

clothing), the lateral epicondyle and the lateral malleolus of both legs [1]. 133 
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Table 1. Participant details. 134 

Age 

Group 

(years) 

Gender Split Age 

(years) 

Mass (kg) Height (m) BMI  KOOS 

 

Lysholm 

Score  

Tegner 

Score 

 

GPPAQ 

Score (range) 

15-29 Males = 13 22±4.3 74.2±7.33 1.79±0.061 23.1±2.01 97.9±4.08 95±8.03 7.2±1.01 Active 

Females = 16 22±3.4 65.1±11.86 1.65±0.058 23.9±3.60 99.6±1.78 99.7±1.25 5.4±1.59 Inactive - Active 

30-44 Males = 13 37±4.8 84.3±14.39 1.79±0.081 26.2±3.28 92.2±18.54 94.92±10.45 5.2±2.12 Moderately 

Inactive - Active 

Females =12 39±3.5 70.8±16.24 1.65±0.084 25.7±4.22 94.9±10.15 93.7±11.81 4.5±1.93 Inactive-Active 

45-59 Males = 12 53±3.1 76.4±11.46 1.78±0.06 24.1±3.20 96.6±6.05 96.9±7.28 4.0±1.54 Inactive - Active 

Females = 13 52±4.8 65.4±14.70 1.64±0.049 24.3±6.15 90.7±14.49 90.6±13.50 4.2±1.68 Inactive - Active 

60-74 Males = 11 68±4.6 90.4±12.7 1.77±0.044 29.0±3.98 90.8±21.80 90.6±17.04 2.4±0.67 Inactive – Active 

Females = 15 64±3.2 75.1±26.00 1.60±0.090 29.4±10.49 92.5±13.53 91.3±12.23 2.6±0.63 Inactive – Active 

>74 Males = 5  76±1.2 84.8±15.51 1.73±0.132 28.9±8.54 80.4±20.50 77.4±20.77 2.2±1.30 Inactive – Active 

Females = 6 77±3.1 70.8±16.47 1.59±0.067 28.1±5.68 92.5±9.87 89.3±17.05 2.2±0.98 Inactive – 

Moderately 

Inactive 

Values are mean±SD unless otherwise indicated.135 
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The JPS procedure followed in this study has been previously validated against an isokinetic 136 

dynamometer knee JPS protocol [39]. Furthermore, the intra-class correlation coefficients 137 

(ICC) value corresponding to inter-examiner reliability of this technique was 0.98 and 95% 138 

confidence intervals ranged from 0.96-0.99 and Cronbach’s Alpha value was 0.99 [40]. The 139 

ICC value for intra-examiner reliability was 0.96 and 95% confidence intervals ranged from 140 

0.91-0.98 and Cronbach’s Alpha value was 0.98 [40]. Test-retest reliability has also been 141 

reported as excellent for both knee flexion (ICC = 0.92) and knee extension (ICC = 0.86) 142 

procedures [40]. These reliability and validity statistics were taken from a similar uninjured 143 

normative population.  144 

The participant was seated on the end of a physiotherapy plinth and blindfolded. The 145 

dominant leg was passively moved by the experimenter through 30°-60° of extension from a 146 

starting knee angle of 90° (bent leg) or through 60°-90° of flexion from a starting angle of 0° 147 

(straight leg) at an approximate angular velocity of 10°/s. This angular velocity was 148 

approximated by the researcher as the limb was passively moved using a visual goniometer 149 

(see figure 1).  The choice of these target positions and hence range of motions were based on 150 

the reliability and validity studies reported previously [39, 40].  The order of the target angles 151 

was randomly allocated using randomly generated numbers. The participant then actively 152 

held the leg in this position for 5s. A photograph of the leg in the target position was taken 153 

using a standard camera (Casio Exilim, EX-FC100, Casio Electronics Co.,Ltd. London, UK) 154 

placed 3m from the sagittal plane of movement on a fixed level tripod (Camlink TP-155 

2800,Camlink UK, Leicester, UK) (see figure 1). The leg was then passively returned to the 156 

starting angle and the participant was instructed to actively move the same leg to the target 157 

angle and hold the leg in this position. Another photograph was taken and the participant 158 

instructed to move their leg back to the starting position. The process was repeated 5 times 159 

for each target angle on the dominant leg.  160 



 

9 

 161 

Figure 1. Typical set up and measurement of knee joint angle for knee joint position sense 162 

measurement. 163 

 164 

Knee angles were measured using two-dimensional manual digitizing software (ImageJ, U. S. 165 

National Institutes of Health,, Maryland, USA, http://imagej.nih.gov/ij/, 1997-2012). Knee 166 

joint position sense was calculated from the average delta scores between target and 167 

reproduction angles across five flexion and five extension trials producing absolute error 168 

scores in which only magnitude was measured [5]. Means, standard deviations and 95% 169 

confidence intervals were presented. Confidence intervals at the 95% level were calculated 170 

using the following equations –  171 

 Lower boundary of confidence interval =                172 

 Upper boundary of confidence interval =                  173 

[15, p. 748] 174 

 175 

 176 
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All statistical analysis was completed in SPSS (Version 19, IBM Corporation, New York, 177 

USA). The Kolmogorov-Smirnov test was used to examine normality of data, which was 178 

confirmed. Significant differences between JPS flexion and extension absolute error scores 179 

were tested using a dependent t-test with an alpha level set at p<0.05. The effect of age group 180 

(15-29 years, 30-44 years, 45-59 years, 60-74 years, >74years) and GPPAQ score (active, 181 

moderately active, moderately inactive and inactive) on JPS flexion and extension absolute 182 

error scores was tested using a multivariate general linear model (MANOVA) [13] with an 183 

alpha level set at p<0.05. GPPAQ information was used for JPS differences testing as the 184 

results of this survey provide nominal level data which can define activity levels. Significant 185 

correlations between JPS flexion and extension absolute error scores and age and Tegner 186 

scores were analysed using Pearson Product Correlation Coefficients for interval level data 187 

(age) and Spearman’s Rank Correlation Coefficients for ordinal level data (Tegner scores) 188 

[13] and alpha levels set at p<0.05. Significant relationships were defined using Cohen’s 189 

definitions; r=.10 (small relationship), r=.30 (medium relationship), r=.50 (large relationship) 190 

[11].  191 

3. Results 192 

Normative JPS error scores are detailed in table 2. There was a significant difference between 193 

JPS flexion (3.6±1.61°) and JPS extension (2.9±1.47°) absolute error scores (p=0.0001, 194 

r=0.10) (see figure 2). However, there were no significant effects of age group (p= 0.603 and 195 

p= 0.536) on JPS flexion and extension absolute error scores respectively. There was also no 196 

significant effect of GPPAQ score on JPS flexion error scores (p=0.691). However results 197 

indicated there was an effect of GPPAQ score on JPS extension error scores (p=0.04). Post-198 

hoc analysis revealed a significantly greater absolute error score (p=0.017) hence poorer knee 199 

joint position sense for inactive participants compared to active participants (mean difference 200 

= 1.3°, see figure 3).  201 
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There were no significant correlations between JPS flexion absolute error scores and age 202 

(p=0.540) or Tegner scores (p=0.860). However, JPS extension absolute error score were 203 

significantly correlated to age (p=0.003, r= 0.277) and Tegner scores (p=0.0001, r=-0.321). 204 

However, these correlations had a small to medium effect size [32]. 205 

Table 2. Normative knee joint position sense values of an adult UK population.  206 

Age Group 

(years) 

Gender  

Split 

JPS  

Flexion  

(°) 

 

95% CIs 

JPS  

Extension 

(°) 

 

95% CIs 

lower upper lower upper 

15-29 Males (n=13) 3.6±1.65 2.7 4.5 2.6±1.32 1.9 3.3 

Females (n=16) 3.6±1.63 2.8 4.4 2.7±1.61 2.0 3.5 

30-44 Males (n=13) 3.5±1.60 2.6 4.4 2.3±1.02 1.7 2.9 

Females (n=12) 4.3±1.90 3.2 5.4 2.7±0.82 2.2 3.2 

45-59 Males (n=12) 3.5±1.19 2.8 4.2 2.7±1.31 2.0 3.4 

Females (n=13) 3.4±1.61 2.5 4.3 3.0±1.31 2.3 3.7 

60-74 Males (n=11) 3.3±1.10 2.6 4.0 3.3±1.91 2.2 4.4 

Females (n=15) 4.1±2.15 3.0 5.2 3.4±1.35 2.7 4.1 

75+ Males (n=5) 3.0±1.27 1.9 4.1 3.4±2.41 1.3 5.5 

Females (n=6) 3.1±1.30 2.1 4.1 4.3±1.62 3.0 5.6 

 

Mean 

  

3.6±1.61 

 

3.3 

 

3.9 

 

2.9±1.47 

 

2.6 

 

3.2 

Values are mean±SD unless otherwise indicated 207 

 208 
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 209 

Figure 2. Mean and standard error JPS flexion and extension scores for a normative population. 210 

**Flexion scores were significantly higher (p=0.0001) than extension scores. 211 

 212 

Figure 3. Mean and standard error JPS extension scores for active and inactive groups. **Active 213 

scores were significantly lower (p=0.017) than inactive scores. 214 

 215 

4. Discussion 216 

One aim of the current study was to provide normative knee joint position ability from an 217 

uninjured population. The values of knee JPS into flexion were 3.6°, 3.9°, 3.5°, 3,7° and 3.1° 218 

for ages 15-29, 30-44, 45-59, 60-74 and 75+ years old respectively. The normative values for 219 

knee JPS into extension were  2.7°, 2.5°, 2.9°, 3.4° and 3.9° for ages 15-29, 30-44, 45-59, 60-220 

74 and 75+ years old respectively. Normative data may be used by practitioners to evaluate 221 
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rehabilitation programmes by comparing injured patients’ performance to uninjured 222 

normative data. The normative data may also be used to screen athletes for proprioception 223 

imbalances and/ or deficits.  224 

4.1 The effect of knee direction and range of motion on joint position sense 225 

The normative population data revealed greater JPS error scores into knee flexion than 226 

extension. The improved knee position sense into extension may be attributed to the type of 227 

agonist muscle contraction involved in the movements. The knee extension trial may have 228 

provide greater levels of afferent feedback due to greater muscle spindle and Golgi tendon 229 

organ activation in the larger concentric quadriceps muscle contraction. Participants are also 230 

working against gravity in knee extension trials, which requires production of greater torque 231 

to a longer lever arm position than knee flexion and hence greater neuromuscular control and 232 

spindle activation which may result in greater proprioception feedback. The target position in 233 

the knee flexion trials had a shorter lever arm and perhaps required less neuromuscular 234 

control to a more neutral knee position (see figure 1). Furthermore, hip extensor muscle 235 

groups are more dominant in knee extension movements, potentially providing additional 236 

joint afferent information and hence a heightened joint position sense in this movement 237 

position and direction.  238 

The findings of this study may also be attributed to the range of motion involved in the 239 

testing procedures. The knee flexion protocol may be more dependent on muscular strength 240 

as the testing began at 0° and the participant had to move from a high torque position to a low 241 

torque target angle through 60 - 90° of motion. Hence the participants may have become 242 

more concerned with maintaining the 0° starting angle and range of motion in this procedure 243 

compared to the knee extension trials. This may have provided a more challenging 244 

environment than the lower range of motion task in the knee extension trials.  245 
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In support of these findings Boisgontier and Swinnen [8], Goble, Lewis and Brown [17] and 246 

Lonn et al. [31] reported increased joint position errors when the task range of motion was 247 

increased. This was explained by these authors due to an increased difficulty in task caused 248 

by increased cognitive load making proprioceptive processes more complex and hence 249 

resulting in greater joint position error scores.  250 

In summary the knee flexion task may have produced greater position error scores due to; a 251 

smaller agonist muscle group contributing afferent information in this knee direction, 252 

working with gravity into flexion to a smaller lever arm target position both reducing torque 253 

production and hence potential afferent information, a more challenging starting position and 254 

greater range of motion which may have created a more difficult joint position sense task.    255 

However, Friden et al. [14] reported opposing findings of lower error scores for knee flexion 256 

movements compared to knee extension. However different starting positions, target 257 

positions and angular velocities were used in comparison to the current study and therefore 258 

comparisons should be completed with caution. Drouin et al. [12] also considered direction 259 

and joint position sense and found no significant differences between flexion and extension 260 

again using a different joint position sense protocol. There is limited previous evidence at the 261 

knee joint to support the findings found in the current study. However, it is important to note 262 

the sample size in the current study came from a power calculation to provide 90% power and 263 

alpha set at 0.05. Results from this study suggest both knee flexion and extension should be 264 

used in clinical joint position sense testing.  265 

4.2 The effects of physical activity on knee joint position sense 266 

Active participants had better knee joint position sense than inactive participants. There was 267 

also a negative relationship between absolute error scores in to extension and levels of 268 

physical activity, that being as physical activity levels increased error scores decreased.  269 
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Participation in regular physical activity may improve knee joint proprioception ability [36, 270 

42-43, 57-58]. Ribeiro and Oliveira [43] and Petrella, Lattanzio and Nelson [36] stated that 271 

populations who exercised three times a week for at least 45-60 minutes had improved knee 272 

joint position sense compared to non-exercisers. Elderly exercisers can achieve similar 273 

proprioception levels to healthy (but not necessarily active) young controls [56-57]. Further, 274 

evidence suggests exercise of any type may improve proprioceptive ability [36, 42-43, 58]. 275 

Exercise may improve proprioception at both the peripheral and central levels [21]. Exercise 276 

may reduce the loss of muscle spindle afferent ability which may occur during periods of 277 

sedentary behaviour [2]. Hutton and Atwater [21] suggest regular exercise induces 278 

morphological adaptations at muscle spindle level, specifically reduction in the latency and 279 

increase in the amplitude of stretch reflexes. The repetition of a motor skill, as occurs in 280 

regular physical activity, can also increase the sensitivity of muscle spindle sensation and 281 

increase reliance of afferent information [25-26, 55] which again would improve 282 

proprioceptive acuity. 283 

At the central level exercise may increase gamma motor neurone signals which in turn could 284 

increase muscle spindle sensitivity [2]. Ribeiro and Oliveira [43] further suggest exercise 285 

affords the opportunity to make plastic changes in the central nervous system, which can 286 

improve the strength of synaptic connections among neurones. It is believed continuation of 287 

exercise into retirement ages creates a compensation for the loss of peripheral changes, such 288 

as reduced number of muscle spindles, by enhancement of sensitivity of the central encoding 289 

of sensory input [20]. However, further research is required to substantiate these theories. 290 

It is evident regular exercise may improve knee joint position sense, data from the current 291 

study provided support for this during knee extension results. However, there were no 292 

significant effects of exercise on knee flexion position sense. One possible explanation for 293 
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this is the target angle used in the knee flexion trial; this was unloaded with 90° of knee 294 

flexion. This position, without loading is less common in physical activity than the target 295 

angle in the knee extension task, which was a mid-range position commonly used in 296 

locomotion. Therefore physical activity may only enhance joint position sense in positions 297 

that are most commonly used in the movement.  298 

4.3 The effects of age on knee joint position sense 299 

In addition the current study considered the effect of age on knee joint positon sense. There 300 

was a significant but small to moderate correlation between joint position sense into 301 

extension and age, as age increased joint position sense ability decreased. A decrease in knee 302 

joint position sense ability in elderly groups is also reported by a number of authors [22, 27, 303 

35-36]. Most recently Ribeiro and Oliveira [43] compared knee joint position sense of young 304 

(average age 20.6 years) and older (average age 72.2 years) male participants and concluded 305 

the elderly group had double the error scores in joint position measurements than the younger 306 

group.  307 

This apparent age-related decline can be attributed to changes in both peripheral and central 308 

levels [20, 22, 43]. At peripheral levels, there is evidence to suggest the dynamic response 309 

and the total amount of muscle spindles reduce with age [32]. Specifically, there may be a 310 

reduction in intrafusal fibres and an accompanying increase in the spindle capsule thickness 311 

due to muscle denervation [18, 32-33, 42-43, 49, 52]. The changes in muscle spindle 312 

architecture may also be due to an increase in collagen and fibrous tissue content arranged in 313 

the inner capsule [32, 52]. There is evidence to suggest the fibrous tissue encapsulating 314 

extrafusal muscle fibres thickens with age [52]. In addition, nerve conduction velocity 315 

decreases and hence muscle spindle sensitivity decreases [53] and the net number of 316 

mechanoreceptors serving a joint is reduced [3, 18, 23] with ageing.  317 
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The central component of proprioception may also be altered with ageing, there is a reduction 318 

in the dendrite system in the motor cortex and hence a reduction of motor neurones in the 319 

central nervous system [20, 33, 43]. The motor neurones that remain are larger and have a 320 

reduced conduction velocity [10]. There has also been anecdotal evidence of a reduction in 321 

grey matter and hence a less effective central nervous system [18, 48]. 322 

However, the relationship between age and knee extension joint position sense only had a 323 

small to moderate effect. Furthermore, there were no significant differences between the five 324 

age groups in either knee flexion or extension absolute error scores. This suggests that age 325 

may not be the main cause of a deficit in static proprioception in all patients. This is in 326 

agreement with Pickard, Sullivan, Allison and Singer [37] who also did not find significant 327 

differences between young and old populations in joint proprioception. Pickard, Sullivan, 328 

Allison and Singer [37] did not conclude age does not influence static proprioception; rather 329 

elderly groups participating in regular physical activity may negate a proprioceptive decline.  330 

Indeed, evidence has indicated regular exercise attenuates the decline of proprioception with 331 

age. The majority of participants in the older groups in this study took part in some form of 332 

exercise; 45-59, 60-74 and 75+ age groups reported average Tegner scores of 4.1, 2.5 and 2.2 333 

respectively and some participants in each age group reported a GPPAQ score of Active.  334 

An alternative explanation for the small-moderate effect of age on knee joint position sense is 335 

linked to the use of cognitive resources in older age groups. Boisgontier et al. [7] reported no 336 

differences in ankle joint position sense ability between young and older adults when the task 337 

was relatively simple, with singular demands, similar to the current study design. It may be 338 

older adults are able to replicate younger adults proprioceptive ability by increasing their 339 

attention to afferent signals [7]. Therefore, future studies may need to consider dual-task 340 

paradigms that challenge the central processing of proprioception signals to identify clearly 341 

age-related declines in joint position sense ability.  342 
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4.4 Limitations 343 

A limitation of the research findings in the current study is the large standard deviation and 344 

confidence intervals stated in the data. For example the difference between knee flexion and 345 

extension error scores was just 0.7°; this is less that the standard deviations of each 346 

corresponding mean. Furthermore the difference between active and inactive participants was 347 

1.3°, again within one standard deviation of the means. The clinical significance of these 348 

values may be questioned. It is not yet known how much of a joint position sense difference 349 

is needed to increase the risk of an injury. Therefore future research should consider the 350 

correlation between knee JPS ability and functional performance. An additional limitation is 351 

the use of self-assessment surveys to record activity levels. It may be more appropriate to 352 

take a direct measure of physical activity such as a fitness test. However, research has 353 

indicated these both GPPAQ and Tegner activity scales are reliable and valid measures of 354 

physical activity [51, 56].  355 

Conclusion 356 

This study provides normative knee joint position sense data across five age groups. 357 

Normative data may be used by practitioners to evaluate rehabilitation programmes and also 358 

screen patients for proprioception imbalances and/ or deficits. There were some differences in 359 

joint position sense ability between knee flexion and extension and active and inactive 360 

participants. Results also indicated a small – moderate relationship between knee joint 361 

position sense into extension and age. Specifically, as age increased, JPS into extension 362 

worsened.  363 

Future work needs to consider how physical activity may improve knee joint position sense. 364 

It may be that clinical practitioners should consider physical activity level as a more 365 

important proprioceptive variable than age [46]. This has important implications for clinical 366 
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practitioners practice; it may not be necessary to introduce what has traditionally been known 367 

as specific “proprioceptive exercises” in training programmes but simply exercise of any 368 

type. However there is still further work to be done on exercise and position sense ability to 369 

ensure the most effective programmes are implemented. Future work should also consider the 370 

relationship between joint positon sense and functional ability.  371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 



 

20 

 411 

 412 

References 413 

 414 

[1] Andersen SB, Terwilliger DM, Denegar CR. Comparison of Open Versus Closed Kinetic 415 

Chain Test Positions for Measuring Joint Position Sense. J Sport Rehabil 1995;4: 165-171.  416 

 417 

[2] Ashton-Miller JA, Wojtys EM, Huston LJ,  Fry-Welch D  Can proprioception really be 418 

improved by exercises? Knee Surg Sports Traumatol Arthrosc 2001;9: 128-136.  419 

 420 

[3] Aydoğ ST, Korkusuz P, Doral MN, Tetik O,  Demirel HA. Decrease in the numbers of 421 

mechanoreceptors in rabbit ACL: the effects of ageing. Knee Surg Sports Traumatol Arthrosc 422 

2006;14: 325-329.  423 

  424 

[4] Barrett DS, Cobb AG, Bentley G. Joint proprioception in normal osteoarthritic and 425 

replaced knees. J Bone Joint Surg Br 1991;73: 53-56.  426 

  427 

[5] Beynnon BD, Renstrom PA, Konradsen L, Elmqvist LG, Gottlieb D, Dirks M. Validation 428 

of Techniques to Measure Knee Proprioception. In SM Lephart, FH Fu, editors. 429 

Proprioception and Neuromuscular Control in Joint Stability, Human Kinetics; 2000. p. 127-430 

138. 431 

 432 

[6] Biedert RM. Contribution of the Three Levels of Nervous System Motor Control: Spinal 433 

Cord Lower Brain Cerebral Cortex. In Lephart SM, Fu FH, editors. Proprioception and 434 

Neuromuscular Control in Joint Stability, Human Kinetics. 2000. P. 23-30. 435 

 436 

[7] Boisgontier MP, Olivier I, Chenu O, Nougier V. Presbypropria: the effects of 437 

physiological ageing on proprioceptive control. Age 2012;34: 1179-1194. 438 

 439 

[8] Boisgontier MP, Swinnen SP. Age-related deficit in a bimanual joint position matching 440 

task is amplitude dependent. Front Aging Neurosci 2015; 7: 1-5. 441 

 442 

[9] Callaghan MJ, Selfe J, Bagley PJ, Oldham JA. The effects of patellar taping on knee joint 443 

proprioception. J. Athl. Train. 2002;37: 19-24.  444 

 445 

[10] Campbell MJ, McComas AJ, Petito F. Physiological changes in ageing muscles. J 446 

Neurol Neurosurg Psychiatry 1973;36: 174-182. 447 

  448 

[11] Cohen J. A power primer. Psychol Bull 1992;112: 155-159.  449 

 450 

[12] Drouin J, Houglum PA, Perrin DH, Gansneder BM. Weight-bearing and Non-weight-451 

bearing Knee-Joint Reposition Sense and Functional Performance. J Sport Rehabil 2003; 452 

23(1): 54-66. 453 

 454 

[13] Field A. Discovering Statistics using SPSS, 2
nd

 edition. Sage Publications. 2005. 455 

 456 

[14] Friden T, Roberts D, Zaetterstroem R, Lindstrand A., Moritz U. Proprioception in the 457 

nearly extended knee: measurements of position and movement in healthy individuals and in 458 

symptomatic anterior cruciate ligament injured patients. Knee Surg Sports Traumatol 459 

Arthrosc 1996;4(4): 217-224. 460 



 

21 

 461 

[15] Gardner MJ, Altman DG. Confidence intervals rather than P values: estimation rather 462 

than hypothesis testing. BMJ 1986;292: 746-750. 463 

 464 

[16] Gilsing MG, Van den Bosch CG, Lee SG, Ashton-Miller JA, Alexander NB, Schultz 465 

AB,  Ericson WA  Association of age with the threshold for detecting ankle inversion and 466 

eversion in upright stance. Age Ageing 1995;24: 58-66. 467 

 468 

[17] Goble DJ, Lewis CA, Brown SH. Upper limb asymmetries in the utilization of 469 

proprioceptive feedback. Exp Brain Res 2006; 168: 307-311. 470 

  471 

[18] Herter T, Scott S, Dukelow S. Systematic changes in position sense accompany normal 472 

aging across adulthood. J Neuroeng Rehabil 2014;11: 43.  473 

 474 

[19] Hogervorst T, Brand RA  Mechanoreceptors in joint function. J Bone Joint Surg Am 475 

1998;80: 1365-1378.  476 

 477 

[20] Horak FB, Shupert CL,  Mirka A. Components of postural dyscontrol in the elderly: a 478 

review. Neurobiol Aging 1989;10: 727-738.  479 

[21] Hutton RS, Atwater SW. Acute and chronic adaptations of muscle proprioceptors in 480 

response to increased use. Sports Med 992;14: 406-421. 481 

 482 

[22] Hurley MV, Rees J,  Newham DJ. Quadriceps function proprioceptive acuity and 483 

functional performance in healthy young middle-aged and elderly subjects. Age Ageing 484 

1998;27: 55-62. 485 

 486 

[23] Iwasaki T, Goto N, Goto J, Ezure H, Moriyama H. The Aging of Human Meissner's 487 

Corpuscles as Evidenced by Parallel Sectioning. Okajimas Folia Anat 2003;79: 185-189. 488 

[24] Johansson H, Sjolander P, Sojka P. Receptors in the knee joint ligaments and their role 489 

in the biomechanics of the joint. Crit Rev Biomed Eng 1991;18: 341-368.  490 

[25] Ju YY, Liu Y, Cheng HY, Chang Y. Rapid repetitive passive movements improves knee 491 

proprioception. Clin Biomech 2011;26: 188-193. 492 

[26] Ju YY, Wang CW, Cheng HY. Effects of active fatiguing movement versus passive 493 

repetitive movement on knee proprioception. Clin Biomech 2010;25: 708-712.  494 

[27] Kaplan FS, Nixon JE, Reitz M, Rindfleish L, Tucker J. Age-related changes in 495 

proprioception and sensation of joint position. Acta Orthop Scand 1985;56: 72-74.  496 

[28] Kokmen E, Bossemeyer RW, Williams WJ. Quantitative Evaluation of Joint Motion 497 

Sensation in an Aging Population. J Gerontol 1978;33: 62-67. 498 

[29] Li JX, Xu DQ, Hong Y. Effects of 16-week Tai Chi intervention on postural stability 499 

and proprioception of knee and ankle in older people. Age Ageing 2008;37: 575-578. 500 

[30] Li JX, Xu DQ, Hong Y. Tai Chi exercise and proprioception behavior in old people. 501 

Med Sport Sci 2008;52: 77-86.  502 



 

22 

[31] Lonn J, Crenshaw AG, Djupsjobacka M, Pedersen J, Johansson H. Position sense 503 

testing: Influence of starting position and type of displacement. Arch Phys Med Rehabil 504 

2000; 81: 592-597. 505 

 506 

[32] Miwa T, Miwa Y, Kanda K. Dynamic and static sensitivities of muscle spindle primary 507 

endings in aged rats to ramp stretch. Neurosci Lett 1995;201: 179-182.  508 

[33] Mynark RG, Koceja DM. Effects of age on the spinal stretch reflex. J Appl Biomech 509 

2001;17: 188-203. 510 

[34] National Population Projections 2010-based reference volume: Series PP2 Office of 511 

National Statistics http://wwwonsgovuk/ons/rel/npp/national-population-projections/2010-512 

based-reference-volume--series-pp2/resultshtml?format=hi-vis Accessed 1
st
 February 2011 513 

[35] Pai YC, Rymer WZ, Chang RW,  Sharma L. Effect of age and osteoarthritis on knee 514 

proprioception. Arthritis Rheum 1997;40: 2260-2265. 515 

[36] Petrella RJ, Lattanzio PJ, Nelson MG. Effect of age and activity on knee joint 516 

proprioception. Am J Phys Med Rehabil 1997;76: 235-241.  517 

[37] Pickard CM, Sullivan PE, Allison GT, Singer KP. Is there a difference in hip joint 518 

position sense between young and older groups? J Gerontol A Biol Sci Med Sci 2003;58: 519 

631-635. 520 

[38] Proske U. Kinesthesia: the role of muscle receptors. Muscle Nerve 2006;34: 545-558. 521 

[39] Relph N, Herrington L. Criterion-related validity of knee joint position sense 522 

measurement using image capture and isokinetic dynamometry. J Sport Rehabil 2015; 523 

Technical Report 10 http://dxdoiorg/101123/jsr2013-0119 524 

[40] Relph N, Herrington L. Inter-examiner intra-examiner and test-retest reliability of 525 

clinical knee joint position sense measurements using an image capture technique. J. Sport 526 

Rehabil 2015; Technical Report 12 http://dxdoiorg/101123/jsr2013-0134 527 

[41] Richards J, Selfe J. Clinical Principles of Kinesiology. In: Sivananthan S, Sherry E, 528 

Warnke P, Miller MD editors. Mercer's Textbook of Orthopaedics and Trauma Tenth Edition. 529 

Edward Arnold Ltd; 2012. p. 202-218. 530 

[42] Ribeiro F, Oliveira J. Aging effects on joint proprioception: the role of physical activity 531 

in proprioception preservation. Eur Rev Aging Phys 2007;42: 71-76.  532 

[43] Ribeiro F, Oliveira J. Effect of physical exercise and age on knee joint position sense. 533 

Arch Gerontol Geriatr 2010;51: 64-67. 534 

[44] Riemann BL, Myers JB, Lephart SM. Sensorimotor System Measurement Techniques. J 535 

Athl Train 2002;37: 85-98.  536 

[45] Relph N, Herrington L, Tyson S. The effects of ACL injury on knee proprioception: A 537 

meta-analysis. Physiotherapy 2014;100: 187-195. 538 

[46] Rikli R, Busch S. Motor Performance of Women As a Function of Age and Physical 539 

Activity Level. J Gerontol 1986; 41: 645-649. 540 

http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2010-based-reference-volume--series-pp2/results.html?format=hi-vis
http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2010-based-reference-volume--series-pp2/results.html?format=hi-vis
http://dx.doi.org/10.1123/jsr.2013-0119
http://dx.doi.org/10.1123/jsr.2013-0134


 

23 

[47] Riemann BL, Lephart SM. The sensorimotor system Part II The role of proprioception in 541 

motor control and functional joint stability. J Athl Train 2002;37: 80-84. 542 

[48] Scheibel ME, Lindsay RD, Tomiyasu U, Scheibel AB. Progressive dendritic changes in 543 

aging human cortex. Exp Neurol 1975;47: 392-403. 544 

[49] Shaffer SW, Harrison AL. Aging of the somatosensory system: a translational 545 

perspective. Phys Ther 2007;87: 193-207. 546 

[50] Sherrington CS. On The Proprio-ceptive System Especially In Its Reflex Aspect. Brain 547 

1906;29: 467-485. 548 

[51] Stillman BC. Making sense of proprioception: the meaning of proprioception 549 

kinaesthesia and related terms. Physiotherapy 2002;88: 667-676.  550 

[52] Swash M, Fox KP. The effect of age on human skeletal muscle studies of the 551 

morphology and innervation of muscle spindles. J Neurol Sci 1972;16: 417-432. 552 

[53] Tanosaki M, Ozaki I, Shimamura H, Baba M, Matsunaga M. Effects of aging on central 553 

conduction in somatosensory evoked potentials: evaluation of onset versus peak methods. 554 

Clin Neurophysiol 1999;110: 2094-2103. 555 

[54] Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament injuries. Clin 556 

Orthop Relat Res 1985; 198: 43-49. 557 

[55] Thompson KR, Mikesky AE, Bahamonde RE, Burr DB. Effects of physical training on 558 

proprioception in older women. J Musculoskelet Neuronal Interact 2003;3: 223-231. 559 

[56] Tsang WW, Hui-Chan CW. Effects of tai chi on joint proprioception and stability limits 560 

in elderly subjects. Med Sci Sports Exerc 2003;35: 1962-1971. 561 

[57] Tsang WW, Hui-Chan CW. Effects of exercise on joint sense and balance in elderly 562 

men: Tai Chi versus golf. Med Sci Sports Exerc 2004;36: 658-667. 563 

[58] Xu D, Hong Y, Li J, Chan K. Effect of tai chi exercise on proprioception of ankle and 564 

knee joints in old people. Br J Sports Med 2004;38: 50-54. 565 

[59] Physical Activity Policy, Health Improvement Directorate. General Practice Physical Activity 566 

Questionnaire. 567 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/192453/GPPAQ_-568 

_guidance.pdf. Accessed February 2
nd

 2016.  569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/192453/GPPAQ_-_guidance.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/192453/GPPAQ_-_guidance.pdf


 

24 

 577 

Appendix 1: The General Practice Physical Activity Questionnaire (GPPAQ) and Scoring 578 

Guidance Form 579 
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Appendix 2: The Tegner Activity Scale 604 
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Appendix 3: Knee Injury and Osteoarthritis Outcome Score (KOOS) and Scoring Guidance 634 

Form 635 
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Appendix 4: Lysholm Scoring  671 
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