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Abstract 

Background: Weight-bearing (WB) assessment has long been reported to be more accurate and functionally 

related than non-weight-bearing (NWB) assessment. Yet, there is lack of knowledge that supports its relation 

with proprioception accuracy and functional performance.  

Purpose: This study examined the relationship between WB and NWB active joint reposition sense (JRS) and 

a functional hop test. In addition to determining whether there are differences of these parameters between 

the dominant and non-dominant extremities.  

Methods: Thirty adult females with mean age 20.3± 1.46 years and BMI 32.56 ± 3.26 kg/m
2
 participated in 

the study. They were tested under two conditions for both lower limbs that were tested randomly; WB and 

NWB.   

Results: Two-Way ANOVA revealed that the absolute errors of the JRS testing were significantly high during 

NWB testing compared with WB testing of both lower extremities (p<0.05). Moreover, the ANOVA revealed a 

significant reduction in the absolute error values of JRS with the dominant limbs compared with the non-

dominant limbs (P<0.05) during both testing procedures. Additionally, the Pearson Product Moment 

Correlation Coefficient (r) showed moderate significant negative correlations between the hopping distances 

and absolute JRS testing errors of both NWB and WB testing of only the dominant lower limbs (r= -0.50, P= 

0.034) and (r= -0.511, P= 0.030) respectively.  

Conclusion: The findings indicate that WB proprioception assessment produced more accurate and 

functionally related results than NWB assessment especially for the dominant lower extremities in healthy 

adult females. 

Keywords: Proprioception, weight-bearing, non-weight-bearing, closed kinetic chain, functional 

performance. 

 

Introduction 

Proprioception is an important factor for safe and 

adequate performance of physical activities.  

Proprioception is the ability to detect changes in a 

specific joint position and being able to adapt to 

these changes 
[1]

. It is a key component for body 

coordination and muscle control during the 

performance of movement 
[2]

. Inputs from 

mechanoreceptors within the joint, ligaments, 

tendons and skin are all combined to give the 
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sense of change of position 
[1]

. Proprioception was 

first defined as the travelling of afferent 

information to the central nervous system (CNS). 

It encompasses a wide variety of different 

components including kinesthesia, somatosens-

ation, balance, reflexive joint stability, and Joint 

Position Sense (JPS) 
[2]

. 

Proprioceptive acuity has been defined as the 

ability of a person to feel his joint position, 

recognize joint movement, identify different 

forces falling on the joints, and discriminate 

movements between his limbs 
[3]

.  It has also been 

defined as the awareness of one’s own body 

segments orientation and position 
[4]

. Determining 

the specific receptors involved in proprioception 

is very difficult, as the body has the ability to use 

many sensory inputs to determine the joint’s 

position and movement 
[5]

. 

Because of difficulties in making direct 

measurements of afferent action potentials arising 

in nerve end organs, most investigations of 

sensorimotor function have relied on conscious 

perception of or subconscious reflexive responses 

to afferent signals. One commonly used method of 

assessment, which has many methodological 

variants, is joint position sense (JPS). In recent 

years, increasing numbers of authors have 

recommended weight- bearing (WB) tests of joint 

position or movement sense. They argue that WB 

tests are more functional, and involve all of the 

cutaneous, articular and muscular proprioceptors 

that act together during normal everyday activities 
[6,7]

. They also argue that standing WB assessm-

ents have more clinical relevance when evaluating 

proprioception in relation to falls 
[8]

, chronic 

sprained ankles 
[9]

 and other WB- specific 

pathologies. 

Various studies conducted previously for 

comparing non-weight-bearing (NWB) with WB 

knee joint position or movement sense 
[6,10,11,12,13]

. 

Because of the limitations in those trials 

(inconsistent results, different assessment proced-

ures, different amount of weight bearing), the 

differences between the two assessment methods 

cannot be documented. Additionally, the 

relationship between JRS and functional 

performance has not been established. 

Hence, there is limited knowledge about the 

effects of WB on proprioception accuracy and 

functional performance in adults. The purposes of 

this study were to determine the relationship 

between WB and NWB active JRS and a 

functional hop test. In addition to determining 

whether there are differences of these parameters 

between dominant and non-dominant extremities. 

As many previous studies used the other 

extremities as a reference after rehabilitation. 

Single hop test was used to assess the functional 

performance. This functional test proved to have 

good intra-rater reliability and were related to 

changes in lower limbs’ function 
[14]

. By 

investigating the difference between WB and 

NWB proprioception assessment and their 

relations to functional performance, this study can 

recommend an accurate, cheap and non-invasive 

assessment tool for proprioception deficits. Proper 

assessment and follow up for proprioception and 

functional performance may limit future injuries, 

which has both positive health and economic 

impacts. 

 

Materials and methods 

Participants 

A total of 30 healthy females free from 

neuromuscular dysfunction, vestibular disorders, 

and lower extremity injury participated in this 

study. Their mean (SD) age, weight and height 

were 20.3± 1.46 years, 75.6± 3.08kg, 1.76 ± 0.03 

respectively. Participants were excluded if they 

were previously diagnosed with osteoarthritis or 

patellar tendinitis, had a previous history of 

surgery, fracture, patellar dislocation/subluxation, 

or ligamentous or other so tissue injury; or had 

any medical condition that precludes safe testing. 

An informed written consent was taken from the 

participants involved in the study. In the current 

study, bothlower limbs were tested. The 

institutional review board for research at the 

institution approved the procedures used in this 

study. 
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Instrumentation 

A plastic standard goniometer was used to 

measure the knee- joint angles during JRS testing. 

It is formed of clear plastic that permit 

observation of joint’s axis of motion and its range 

of motion. Joint angles were measured in 1° 

increments. Five-meters tape was used to measure 

the distance of single leg hopping test trials. The 

level of functional performance was assessed 

using the single hop test. This test has previously 

been used for assessing the lower extremity 

function and has produced reliable data (r = .96) 
[14]

.  

Procedures 

In the current study, WB and NWB knee joint 

reposition sense (JRS) were assessed in addition 

to the functional performance which is assessed 

using a single-leg-hop test in all participants. First, 

we determined whether there were differences 

between WB and NWB-JRS for dominant and 

non-dominant lower extremities. Then, we 

determined whether the functional performance 

correlated with either JRS tests. Each participant 

was allowed to randomly select one from two 

folded papers located in a container. These papers 

represented the dominant and non-dominant 

limbs. Then, each participant was asked to 

randomly select one from another two folded 

papers located in another container. These papers 

represented the WB and NWB proprioception 

assessment techniques. Each participant was 

tested according to these random selections. 

Participant’s dominant leg was defined as the leg 

with which the participant preferred to kick a ball. 

The absolute difference in degrees calculated 

between the target angle (30° of flexion) and 

active replication angles was averaged over three 

trials to represent each participant’s score on both 

tests (absolute angular error). The same researcher 

performed all testing for each participant on the 

same day. 

Prior to data collection, the plastic goniometer 

was attached to each participant’s knee on the 

lateral aspect (along an imaginary line connecting 

the greater trochanter and the lateral malleolus) 

with non-adhesive elastic wrap. While the 

participant was standing in a comfortable stance 

with feet shoulder-width apart and looking 

straight ahead, the goniometer was zeroed. This 

point represented anatomical zero for measure-

ment of all knee-joint angles during all JRS 

testing. 

For the weight-bearing (WB) testing condition, 

which assessed the participants' ability to actively 

reproduce a target angle of 30°, the participant 

was instructed to stand on the tested limbwith eye 

closed. Then each participant was instructed to 

slowly squat. The researcher instructed the 

participant to stop and pause for 15 seconds when 

the knee-joint angle measured 30°. Next, the 

participant returned to a standing position and 

waited for 15 seconds. The participant was then 

instructed to reproduce the target angle for that 

trial as accurately as possible. Each participant 

maintained balance by leaning backward against 

the wall. The non-testing leg remained flexed and 

away from the ground during the entire test. 

Between trials, each participant walked five steps 

to eliminate any proprioceptive memory of the 

test. 

For the non- weight-bearing (NWB) testing 

condition, participants were lying prone with their 

knees extended and trunk supported (figure 1), the 

participant was instructed to slowly flex the knee. 

The researcher instructed the participant to stop 

when the knee-joint angle measured 30° and to 

hold the position for 15 seconds. The participant 

then returned the tested leg to the fully extended 

position and paused for 15 seconds. Next, the 

participant was instructed to reproduce the target 

angle of that trial as accurately as possible by 

active contraction at slow angular velocity and 

stopped when she perceived that the target angle 

had been reached. The participant was instructed 

to hold the knee in the test position for four 

seconds and to concentrate on (sensing) the knee 

position. Between trials the participant performed 

five repetitions of knee flexion and extension to 

eliminate any proprioceptive memory. 
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Figure 1: Non- Weight-Bearing Joint Reposition 

Sense testing from prone 

After 5-minute rest period, the participant was 

asked to stand on the tested limb with the toes 

lined at the tape measure's zero mark. Then she 

was instructed to jump forward on one leg as far 

as possible using three consecutive hops. The 

recorded measure was the distance from the zero 

mark to the place where the back of the 

participant’s heel hit the ground upon completing 

the single hop on the tested limb (Figure 2). 

Distance in centimeters was averaged over the 

three trials to represent each participant’s score. 

Each participant kept his hands clasped together 

behind his back during the test, and a 45-second 

rest period was given between trials 
[15]

. 

The same whole procedure was repeated again for 

the other limb after 5-min rest period. This rest 

period was given to minimize the carry- over 

effect of the sensation as indicated by Bell-

Krotoski et al. 
[16]

. 

Figure 2: The single hop test from Bolgla & 

Keskula 
[14]

 

Statistical analysis 

All statistical measures were performed through 

the Statistical Package for Social Science (SPSS) 

version 20 for windows. Initially, data were 

screened through conducting Kolmogorov-

Smirnov and Shapiro-Wilks normality tests for 

normality assumption as a prerequisite for 

parametric analysis. This was done also through 

assessing for the presence of significant skewness 

and kurtosis in addition to the presence of extreme 

scores. Once data were found not to violate the 

normality assumptions, parametric analysis was 

used. 

Two-way Analysis of Variance (ANOVA) within-

subject design was used to differentiate between 

the different testing conditions for the absolute 

error of JRS of both lower extremities.  

Additionally, the paired t-test was used to 

compare between the dominant and non-dominant 

extremities for the SLH distance. Finally, the 

Pearson Product Moment Correlation Coefficient 

(r) was used to study the bivariate correlations of 

the absolute JRS testing error and the hopping 

distance of both lower limbs. The level of 

significance was set at an alpha level of 0.05. 

 

Results 

The Two-Way ANOVA showed that the 

magnitude of absolute errorsof the JRS testing 

were significantly high during NWB testing 

compared with WB testing of both lower 

extremities (p<0.05) (figure 3). Regarding the 

effect of dominancy, the ANOVA revealed a 

significant reduction in the absolute error values 

of JRS with the dominant limbs compared with 

the non-dominant limbs (P<0.05) during both 

testing procedures (figure 4). Additionally, the 

Paired t-test revealed that the SLH distance scores 

of the dominant lower limbs were significantly 

greater than the SLH distance scores of the non-

dominant limbs (figure 5). 

Moreover, a moderate significant negative 

correlations were detected between the hopping 

distances and absolute JRS testing errors of both 

NWB and WB testing of only the dominant lower 

limbs (r= -0.50, P= 0.034) and (r= -0.511, P= 
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0.030) respectively. While a weak non-significant 

correlations were detected between the hopping 

distances and absolute JRS testing errors of both 

NWB and WB testing of the non-dominant lower 

limbs (r= 0.1, P= 0.48) and (r= -0.03, P= 0.48) 

respectively. 

 

 
Figure (3): Absolute JRS testing errors during 

weight-bearing (WB) and non-weight bearing 

(NWB) testing of both lower extremities in 

healthy adult females 

 

 
Figure (4): Absolute JRS testing errors of 

dominant and non-dominant lower extremities 

during WB and NWB testing in healthy adult 

females 

 

 
Figure (5): Single leg hop (SLH) distance scores 

of both lower extremities in healthy adult females 

 

Discussion 

The findings of the present study showed a 

significant reduction in the JRS errors with 

weight-bearing compared with non-weight 

bearing conditions. Despite the fact that it is not 

well known how WB diminishes JRS errors, it is 

suggested that the NWB knee repositioning 

procedure had the greatest potential for assessing 

the proprioception of the tested joint only,while 

whole limb positioning (WB) provides the chance 

for proprioceptive feedback from adjacent joints. 

Possibly, the sensory areas of the brain may use 

this information in detecting the location of the 

knee 
[17,18]

. A similar explanation to locating the 

knee joint position during WB-JRS testing may 

arise from the skin of the tested foot 
[19]

. WB may 

enhance the afferent signals from compressed 

mechanoreceptors in the connective tissue 

structures of the WB joints. 

Another possible explanation is that foot dorsifl-

exion and the resulting calf muscle lengthening 

which occurs during WB assessment procedures 

may also play an important rule. As it was 

concluded by Refshauge and Fitzpatrick 
[20] 

that 

the foot and knee postures, including calf stretch, 

were the major determinants of the WB (and 

NWB) test results. Also, it was previously 

documented that even aminimum resistance 

increases the afferent output from muscle spindles 
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[21]
, So the greater resistance applied to muscles 

through weight bearing may affect the magnitude 

of muscle contractions that may affect the 

proprioceptive acuity 
[22]

. 

The difference between WB and NWB-JRS 

testing has been previously studied with 

controversial findings. The results of the current 

study are similar to those reported by Ghiasi and 

Akbari 
[23]

, Stillman and McMeeken 
[24]

, Hyouk 

Bang et al. 
[25]

. These authors found significant 

reduction in the JRS errors during WB testing. 

The results of the current study are consistent also 

with those of Andersen et al. 
[6]

, who reported that 

knee joint angles are more accurately repositioned 

in the closed chain condition. Additionally, this 

study is also in agreement with the results found 

by Bunton et al. 
[26]

. Those authors reported that 

proprioception is improved by WB because of the 

proprioceptive input produced by Golgi tendon 

organs, Golgi ligament endings, Ruffini endings, 

Pacinian corpuscles, and muscle spindles. which 

may be another explanation for the greater 

accuracy of WB testing found in this study. 

On the other hand, the reported findings are 

contradicted with those reported by Kramer et al. 
[27]

 and Lokhande et al. 
[28]

. These researchers did 

not find any significant difference between the 

two testing conditions. Additionally, Lokhande et 

al. 
[28]

 found a significant increase in the JRS 

testing errors during WB. These contradictions 

might be attributed to the different testing 

procedures of proprioception, and /or small 

sample sizes which might have resulted in low 

statistical power, and finally the different meas-

ured variables (absolute error or relative errors). 

Regarding the effect of dominancy, the statistical 

analysis revealed a significant reduction in the 

absolute error values of JRS with the dominant 

limbs compared with the non-dominant limbs. 

Additionally, the Paired t-test revealed that the 

SLH distance scores of the dominant lower limbs 

were significantly greater than the SLH distance 

scores of the non-dominant side.  These results are 

suggested to have resulted fromwhat is called 

dynamic neuromuscular imbalance that was 

observed in females by Hewett et al 
[29]

. Those 

authors observed three neuromuscular imbalances 

presented in females. One of these imbalances is 

the dominant-leg dominance. 

Dominant-leg dominance is the imbalance 

between muscular strength and recruitment on 

opposite limbs, with the non-dominant limb often 

having weaker and less coordinated musculature. 

The authors also stated that during single-leg 

landing, pivoting or deceleration, the female may 

have a lack of dynamic muscular control of the 

non-dominant knee, which may predispose the 

knee to injury 
[29]

. The findings of the current 

study may support this view as all our participants 

were females. 

The results of the current study are consistent with 

those of Hewett et al. 
[30]

. Those authors 

concluded that when assessing proprioception and 

neuromuscular control, the contral ateral limb may 

not be a suitable control because of the bilateral 

deficits. While, the current results are contradicted 

with those obtained by Sekir et al. 
[31]

 who didn’t 

found any difference between the two limbs. This 

contradiction may be attributed to different 

sample; as they assessed the proprioception in 

male subjects while in this study all the 

participants were females. 

Regarding the relation between the JRS and 

functional performance, a moderate significant 

negative correlations were detected between the 

hopping distance and absolute JRS testing error of 

both NWB and WB conditions of the dominant 

lower limbs. While a very weak non-significant 

correlations were detected between the hopping 

distance and absolute JRS testing error of both 

NWB and WB testing of the non-dominant lower 

limbs. These relations may be attributed to the 

effect of dominant leg dominance on the 

functional performance that may occur via its 

significant effect on muscle strength and 

coordination that were just reported. 

The results of the current study are consistent with 

those of Riskowski et al. 
[32]

. Those authors found 

that dominant lower limbs are responsible for 

greater loading forces and greater propulsive 

forces than the non-dominant. They also recomm-
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ended the presence of functional asymmetry in 

gait relate to balance, fall risk and ADL activities 

Few previous studies found significant relation 

between the Functional performance and balance 

scores of non-dominant leg 
[33,34]

. These 

contradictions may be due to the use of different 

samples, as all these articles assessed athlete 

participants (football, volleyball).These athletes 

use their non-dominant leg for support during 

kicking, while in this study the sample consisted 

of non-athlete females. 

The current study is limited by the inability of 

generalizing the findings on the male population 

as the study being conducted on females. Females 

were examined as they constitute higher incidence 

of knee injury than males 
[35]

 and the fact that the 

measured variables are affected by sex 
[30]

. On the 

other hand, this study has the privilege of being 

stringently designed through randomization of 

testing conditions rendered it more controlled than 

much of the previously conducted research in this 

area. Furthermore, examining one group of 

participant in a repeated-measures design enabled 

minimizing the extraneous effects that might 

affect the relationship between independent and 

the measured variables. Hence, the internal 

validity of the study was improved. 

 

Conclusion 

Weight-bearing proprioception assessment 

produced more accurate and functionally related 

results than non-weight-bearing assessment 

especially for the dominant lower extremities. 

 

Acknowledgment 

The author would like to thank all the participants 

who kindly participated in the study. 

 

References 

1. Richendollar ML, Darby LA, Brown, TM. 

Ice Bag Application, Active Warm-Up, 

and 3 Measures of Maximal Functional 

Perfo-rmance. J Athl Train 2006: 41(4): 

364-70. 

2. Costello J, Donnelly A. Effects of cold 

water immersion on knee joint position 

sense in healthy volunteers. J Sports Sci 

2011: 29(5): 449-56. 

3. Sharma G, Noohu M. Effect of ice 

massage on lower extremity functional 

performance and weight discrimination 

ability in collegiate footballers. Asian J 

sports med 2014: 5(3). 

4. Owen JL, Campbell S, Falkner SJ, 

Bialkowski C, Ward AT. Is there evidence 

that proprioception or balance training can 

prevent anterior cruciate ligament (ACL) 

injuries in athletes without previus ACL 

injury? Phys Ther 2006: 86(10). 

5. Ozmun JC, Thieme HA, Ingersoll CD, 

Knight KL. Cooling does not affect knee 

proprioception. J Athl Train 1996: 31(1): 

8-11. 

6. Andersen SB, TERWILLIGER DM, 

Denegar CR. Comparison of open versus 

closed kinetic chain test positions for 

measuring joint position sense. J. Sport. 

Rehabil 1995: 4: 165-171. 

7. Bernier JN, Perrin DH. Effect of 

coordination training on proprioception of 

the functionally unstable ankle. Journal of 

Orthopedic and Sports Physical Therapy 

1998: 27:264-275. 

8. Gilsing MG, Van den Bosch CG, Lee SG, 

Ashton-Miller JA, Alexander NB, Schultz 

AB, Ericson WA. Association of age with 

the threshold for detecting ankle inversion 

and eversion in upright stance. Age and 

Ageing 1995: 24: 58-66. 

9. Waddington G, Adams R, Jones A. 

Wobble board (ankle disc) training effects 

on the discrimination of inversion movem-

ents. Australian Journal of Physiotherapy 

1999:45: 95-101. 

10. Birmingham TB, Inglis JT, Kramer JF, 

Mooney CA, Murray LJ, Fowler PJ, et al. 

Effect of a neoprene sleeve on knee joint 

kinesthesis: Influence of different testing 

procedures. Medicine and Science in 

Sports and Exercise 1998: 32: 304-308. 

11. Birmingham TB, Kramer JF, Inglis JT, 

Mooney CA, Murray LJ, et al. Effect of a 



 

Abeer F. Hanafy JMSCR Volume 05 Issue 02 February 2017 Page 17491 
 

JMSCR Vol||05||Issue||02||Pages 17484-17492||February 2017 

neoprene sleeve on knee joint position 

sense during sitting open kinetic chain and 

supine closed kinetic chain tests. American 

Journal of Sports Medicine 1998: 26: 562-

566. 

12. Kramer JT, Handfield G, Kiefer L, Forwell 

T, Birmingham T. Comparisons of weight-

bearing and non-weight-bearing tests of 

knee proprioception performed by patients 

with patella-femoral pain syndrome and 

asymptomatic individuals. Clin. J. Sport 

Med 1997: 7:113-118. 

13. Taylor RA, Marshall PH, Dunlap RD, 

Gable CD, Sizer PS. Knee position error 

detection in closed and open kinetic chain 

tasks during concurrent cognitive 

distraction. Journal of Orthopedic and 

Sports Physical Therapy 1998: 28: 81-87. 

14. Bolgla LA, Keskula DR. Reliability of 

lower extremity functional performance 

tests. JOSPT 1997: 26(3): 138-142. 

15. Drouin JM, Houglum PA, Perrin DH, 

Gansneder BM. Weight bearing and non-

weight-bearing knee joint reposition sense 

are not related to functional performance. 

Journal of Sport Rehabilitation 2003: 

12:54-66. 

16. Bell-Krotoski JA, Fess EE, Figarola JH, 

Hiltz D. Threshold detection and Semmes-

Weinstein monofilaments. J Hand Ther 

1995: 8(2): 155–162. 

17. Verschueren SM, Swinnen SP, Cordo PJ, 

Dounskaia NV. Proprioceptive control of 

multi-joint movement: Unimanual circle 

drawing. Experimental Brain Research 

1999: 127: 171-181. 

18. Abelew TA, Miller MD, Cope TC, Nichols 

R. Local loss of proprioception results in 

disruption of interjoint coordination during 

locomotion in the cat. Journal of 

Neurophysiology 2000: 84: 2709-2714. 

19. Kavounoudias A, Roll R, Roll JP. The 

plantar sole is a ‘dynamometric map’ for 

human balance control. Neuroreport 1998: 

9: 3247-3252. 

20. Refshauge K, Fitzpatrick R. Perception of 

movement at the human ankle: Effects of 

leg position. Journal of Physiology 1995: 

488(1): 243-248. 

21. Wilson LR, Gandevia SC, Burke D. 

Discharge of human muscle spindle 

afferents innervating ankle dorsiflexors 

during target isometric contractions. 

Journal of Physiology 1997: 504: 221-232. 

22. Velay JL, Roll R, Paillard J. Elbow 

position sense in man: Contrasting results 

in matching and pointing. Human 

Movement Science 1989: 8: 177-193. 

23. Stillman BC, McMeeken JM. The role of 

weight bearing in the clinical assessment 

of knee joint position sense. Aust. J. 

Physiother 2001: 47: 247-253. 

24. Ghiasi F., Akbari A. Comparison of the 

effects of open and closed kinematic chain 

and different target position on the knee 

joint position sense. J. Med. Sci 2007: 

7(6): 969-976. 

25. Hyouk Bang D, Seob Shin W, Jin Choi S, 

Suk Chot H. Comparison of the effect of 

weight-bearing and non-weight-bearing 

positions on knee position sense in patients 

with chronic stroke. J.Phys.Ther. Sci 2015: 

27:1203-1206 

26. Bunton EE, Pitney WA, Kane AW, 

Cappert TA. The role of limb torque, 

muscle action and proprioception during 

closed kinetic chain rehabilitation of the 

lower extremity. J. Athletic Training 1993: 

28:10-20. 

27. Kramer J, Handfield T, Kiefer G, Forwell 

L, Birmingham T: Comparisons of weight-

bearing and non- weight-bearing tests of 

knee proprioception performed by patients 

with patello-femoral pain syndrome and 

asymptomatic individuals. Clinical Journal 

of Sport Medicine 1997: 7: 113-118. 

28. Lokhande MV, Shetye J, Mehta A. 

Assessment of knee joint proprioception in 

weight bearing and in non-weight bearing 

positions in normal subjects. JKIMSU 

2013: 2: 94–101. 



 

Abeer F. Hanafy JMSCR Volume 05 Issue 02 February 2017 Page 17492 
 

JMSCR Vol||05||Issue||02||Pages 17484-17492||February 2017 

29. Hewett TE, Paterno MV, Myer GD. 

Strategies for enhancing proprioception 

and neuromuscular control of the knee. 

Clinical orthopedics and related research 

2002: 402: 76-94. 

30. Hewett TE, Myer GD, Ford KR. Dynamic 

neuro- muscular training for preventing 

knee injury in female athletes. J Orthop 

Sports Phys Ther 2002. 

31. Sekir U, Keles SB,  Gur H. Muscle latency 

and proprioception in non-dominant and 

dominant legs of healthy sedentary 

individuals. Turk J Phys Med Rehab 2015: 

61: 51-7. 

32. Riskowski J L, Hagedorn TJ, Dufour AB, 

Casey VA, Hannan MT. Evaluating gait 

symmetry and leg dominance during 

walking in healthy older adults. ISB 

Brussels 2011. 

33. Mc-Curdy K,  Langford G. Comparison of 

unilateral squat strength between the 

dominant and non-dominant leg in men 

and women. Journal of Sports Science and 

Medicine 2005: 4, 153-159. 

34. Erkem N, Taskin H, Sanioglu A, Kaplan 

T,  Basturk D. Relationships between 

Balance and Functional Performance in 

Football Players. Journal of Human 

Kinetics 2010:26, 21-29. 

35. Arendt E, Dick R. Knee injury patterns 

among men and women in collegiate 

basketball and soccer: NCAA data and 

review of literature. Am J Sports Med 

1995: 23:694–701.   


