INTERNATIONAL JOURNAL OF ENVIRONMENTAL & SCIENCE EDUCATION
2016, VOL. 11, NO.16, 9537-9548

OPEN ACCESS

A Comparison of the Lower Extremity Proprioceptive
Senses of the University Students that Exercise Regularly
and Those Who Do Not
Mehmet GÖKTEPE
Bartın University, TURKEY

ABSTRACT
This study has been conducted with a view to identifying and comparing the lower extremity
proprioceptive senses of the university students who exercise regularly and those who do not. The
study group included voluntary participants studying at various departments of Ağrı İbrahim Çeçen
University (Faculty of Education and Physical Education and Sports High School), of whom 65
exercised regularly and 59 did not engage in any sports activity. The propriceptive senses of the
subjects participating in the study were measured using standardized methods and materials. Their
height and weight were measured. They were asked to do a warm up run for 5 minutes and the study
was ended once their proprioceptive senses were measured after they were found to have complied
with the proprioceptive sense platform. The data obtained from the study was analyzed by using the
SPSS 22 software package. Normality distribution was tested by applying the Shapiro-Wilks test.
Parametric tests were preferred as the data was found to have distributed normally. A pairedsamples t-test was applied to test the level of significance of difference between the students'
proprioceptive sense scores. As a result of the study, it was established that the proprioceptive
sense values of the male and female students who exercised regularly were better than those who
did not engage in sports (p<0.05).
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1. Introduction
The term 'proprioception' was coined for the first time by Sherrington in
1906 (Sherrington, 1906). The term is the combination of the Latin words
'proprio' and 'ception'.
The word proprio means 'one's own' while the word
ception means perception.
This way, proprioception can be defined as
personalized perception. However, the studies and assessments conducted thus
far since the term proprioception was first coined in 1906 suggest that the term
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proprioception is not capable of accounting for the entire process on its own.
This is because it is not merely a perception process, but it also requires an
analysis of the perceived situation and presentation of the risk identified as a
result of such analysis and creation of a peripheral response by the central
nervous system (CNS) in order to eliminate the risks thus presented (Johansson,
2000).
Proprioception is the position sense of the joints and extremities, the
neural data input for which maintained through the receptors located on the
joints and the surrounding tissues. It plays a major role in muscular movement
as well as the sensitivity of movements and joint stability. Impairment in
propriception results in the increase of postural release, diminishment of
balance, increased risk of falling down and impairment of the ability to walk
(Stillman, 2002).
The amount of contraction of proprioceptive muscles provides information
as to the amount of stress applied to the joints and as to the position of the body
in general including the joints. Therefore its contributes to the improvement of
the joint control and kinesthetic sense and helps maintain one’s balance
(Guyton, 1993).
When a person experiences initially voluntary and then
involuntary changes in their posture, the person in question may develop quick
joint protection and postural control reactions. Improvement of proprioception
leads to development of quick joint protection and postural control reactions in
the face of involuntary postural changes (Fitzgerald et al., 2000).
Visual, vestibular and sensory stimuli are quite important in measuring the
proprioceptive senses. While the proprioceptive sense can be measured in two
ways -namely active and passive position sense measurements- the passive
position sense measurement is the most commonly applied method (Ulkar et al.,
2004). In this study, the position sense is measured in a passive way. Due to
the fact that the proprioceptive sense has a complicated nature and is affected
by a number of factors, it is hard to be assessed objectively. Despite the fact
there is a complete consensus on the importance of proprioceptive sense
training, there is still no clear cut agreement as to which method is the most
reliable and valid in terms of assessing the proprioceptive sense (Friden et al.,
2001; Hurkmans et al., 2007).
Being the complementary and integral part of the general education
curriculum and driven based on the integrity of organism principle, physical
education and sports is critically important in terms of physical development,
development of movement skills and nerve and muscle coordination,
maintaining personal and social congruence (education of personality) (Bucher
and Koenig, 1983; Harmandar, 2004).
Physical Education is a system of
activities that aim to develop the physical structure of the body, joints and
muscles in a controlled and balanced manner and teach how to use the physical
strength –which is spent at work and social activities after school- in the most
efficient manner and thereby utilizing the organ functions in a controlled and
methodical manner (Haywood, 1989).
Universities are the institutions where scientific production and vocational
training is provided. However, universities can not be solely perceived from
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this particular point of view. Universities should also be regarded as places
where healthy citizens are integrated into society in addition to being equipped
with professional training and skills.
For this reason, social and sportive
activities have a significant place in universities (Hazar, 1996). In this respect,
maintaining life long sport activities in universities -which hold a significant
place in transition to professional life - is highly important in turning students
into healthier individuals in their future life. Sports activities will help
individuals become healthier, more energetic and productive during their
university years when they step into maturity.
Such productivity gained
through sports will contribute greatly to both the society and individual (Günay
and Cicioğlu, 2001). We are of the opinion that the increase in studies that
emphasize and prove the importance of sports for university students will make
a significant contribution to the literature in general. In the light of the above
facts, the present study aims to establish and compare the lower extremity
proprioceptive senses of the university students that engage in sports regularly
and those who do not.
2. Materials and Methods
While the population of the present study consists of Turkish university
students that engage in sports and those who do not, the study sample includes
the students that study at various departments of Ağrı İbrahim Çeçen
University (Faculty of Education and Physical Education and Sports High
School), of whom 65 exercise regularly and 59 do not engage in any sports
activity. Prior to the performance of tests, all the test subjects were asked to fill
out a medical survey determining their health condition and sign an informed
consent form stating that they participate in the study on a voluntary basis.
Each individual agreeing to participate in the study has been informed as to the
contents of the study in detail. Prior to the performance of measurements, all
the participants have been warned not to get involved in heavy physical exercise
and consume alcohol a day before the measurement. Our study was conducted
in two days, on the first day the students that exercised regularly were
measured, while on the second day those who did not engage in sports were
measured. A height and weight measurement was conducted respectively for
each subject participating in the study. They were, then, asked to do a warm up
run for 5 minutes, and the study was ended once their proprioceptive senses
were measured after they were found to have complied with the proprioceptive
sense platform. This study was conducted at AĞRI İbrahim Çeçen University,
BESYO, Physiology Laboratory.
Height and body weight measurements:
The height of the subjects was measured using a height measuring scale
with 0.01 m sensitivity degree (SECA, Germany) and their body weight was
measured using an electronic scale with 0.1 kg sensitivity degree (SECA,
Germany) (Göktepe et al., 2015; Özkan et al., 2013; Yıldız et al., 2016).
Body Mass Index (BMI):
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BMI is calculated by dividing weight in kg by height squared in meters
(kg/m2) (Eklioğlu et al., 2016; Göktepe et al., 2015; Moran and Mcglynn, 1997;
Norris et al., 2005; Taylor et al., 1998).
Proprioceptive Sense Measurements:
Proprioceptive sense measurements were conducted by using a (Pro-Kin,
Tecnobody, Dalmine, Italy; 20 Hz sampling rate, sensitivity 0.1°, product
type:PK252) make isokinetic dynamometer. The proprioceptive sense test was
performed by choosing a valid and reliable Multiaxial Proprioceptive
Assessment module (Tessalina et al., 2016; Wang et al., 2011) and the pressure
level of the stabilometer was adjusted to the difficulty level 5 (through 50) for
this particular test (Göktepe et al., 2015; Güngör, 2010). The subjects were
asked to hold the arms of the device throughout the test. By following the
circular trajectory displayed on the screen, the platform was rotated 5 times
clockwise for 60 seconds, after which the test was completed (Göktepe et al.,
2015; Song et al., 2013; Url 1, 2016; Göktepe et al., 2015; Karakaş, 2012).
Data Analysis:
The statistical evaluation of the data was performed by using the SPSS 22.0
(SPSS Inc., Chicago, IL, USA) software package. The data obtained in the study
was presented in the form of mean and standard deviation. The Shapiro-Wilks
test was run for normality distribution. Parametric tests were preferred as the
data distributed normally. A paired-samples t-test was applied to test the level
of significance between the students' proprioceptive sense scores. While the
results were evaluated at the 95% confidence interval, the statistical
significance value established as p<0.05.

3. Results
Table 1: Physical Characteristics of the Students Participating in the Study
Gender

Male

Female

Engagi
ng in
sports
Not
engagi
ng in
sports
Engagi
ng in
sports
Not
engagi
ng in
sports

N

Age
(year)

Height
(cm)

Body
weight
(kg)

BMI
(kg/m2)

Sports
Age
(year)

39

22,21±2,
41

173,42±7,
46

66,33±6,5
4

22,07±1,
99

6,51±3,18

34

22,21±1,
93

174,21±6,
06

67,74±8,0
5

22,31±2,
31

-

26

18,69±2,
94

162,56±5,
25

52,84±5,6
9

19,99±1,
86

4,73±2,24

25

21,40±2,
57

163,73±7,
56

54,83±7,0
3

20,47±2,
46

-
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The physical characteristics of the participants are presented in the Table 1.
According to the results, the average age of the male students that engage in
sports on a regular basis is 22,21±2,41 years, their height is 173,42±7,46 cm,
their body weight is 66,33±6,54 kg, their BMI is 22,07±1,99 (kg/m2) and their
sports age is 6,51±3,18 years. The average age of the female students that
engage in sports on a regular basis is 18,69±2,94 years, their height is
162,56±5,25 cm, their body weight is 52,84±5,69 kg, their BMI is 19,99±1,86
(kg/m2) and their sports age is 4,73±2,24 years. The average age of the male
students that did not engage in sports on a regular basis is 22,21±1,93 years,
their height is 174,21±6,06 cm, their body weight is 67,74±8,05 kg and their BMI
is 22,31±2,31 (kg/m2). The average age of the female students that did not
engage in sports on a regular basis is 21,40±2,57 years, their height is
163,73±7,56 cm, their body weight is 54,83±7,03 kg and their BMI is 20,47±2,46
(kg/m2).

Table 2. The results of the Paired-Samples t-test conducted for testing the level
of significance of difference between the proprioceptive sense scores of the
students that engage in sports on a regular basis and those who do not.

Sİ

Male

AFV

Female

Male

Female

Engagin
g in
sports
Not
engagin
g in
sports
Engagin
g in
sports
Not
engagin
g in
sports
Engagin
g in
sports
Not
engagin
g in
sports
Engagin
g in

N

X

SD

39

0,59

0,44

34

0,89

0,45

26

1,08

1,00

25

1,27

0,65

39

1,15

0,76

34

1,09

0,49

26

1,30

0,54

SD

t

p

61

2,57

0,01*

49

2,14

0,04*

61

0,31

0,75

49

0,60

0,55
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sports

0,00*

ATE

Not
engagin
25
1,10
0,60
g in
sports
Engagin
g in
39
25,36
4,08
sports
Male
61
5,42
Not
engagin
34
35,00
9,86
g in
sports
Engagin
g in
26
26,88
9,03
sports
Female
49
7,11
Not
engagin
25
42,44
6,29
g in
sports
*(p < 0.05) Sİ: Stability index, AFV: Average force variance, ATE:
Average tracking error.
When the dependent t test results of the students are observed in the Table
2 above, there is no statistically significant difference in the proprioceptive sense
(AFV) values of the students that engage in sports on a regular basis and those
who do not in terms of gender variable (p>0,05). However, there is a statistically
significant difference in favor of the students that engage in sports regularly in
terms of proprioceptive sense (SI) and (ATE) values (p<0.05). In this respect, it
can be argued that the proprioceptive sense values of the male and female
students that engage in sports on a regular basis are better than those who do
not engage in sports at all.

4. Discussion
Proprioceptive process is initially triggered with the mechanoreceptors’
perception of changing positions, conditions or strengths.
The presence of
mechanoreceptors is known to the scientists ever since the publication of the
Raober's works in 1874 (Aydoğ et al., 2003). Since then, a good number of
studies have been conducted into mechanoreceptors, as a result of such
anatomical, histological and physiological studies, mechanoreceptors were
understood to have constituted the first pillar of the proprioception process. It is
possible to come across mechanoreceptors in the skin, subcutaneous tissues,
tendons, all the tissues within joints as well as the organs and organelles.
A
vast majority of the histological studies conducted in this field focused on the
knee joint, and the presence of mechanoreceptors were identified in the
meniscus, capsula, cruciate ligaments, meniscofemoral ligaments, fibular

0,00*
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collateral ligaments and even in pylicas (Mine et al., 2000; Assimakopoulos et
al., 1992; Boyd, 1954; Halata and Haus, 1989; Halata & Groth, 1976; Schultz et
al., 1984; Zimny et al., 1986; Zimny, 1988; Zimny, Albright & Dabezies, 1988;
Grigg & Hoffman, 1982).
Proprioceptive mechanism is essential for
maintaining appropriate joint function in sports as well as the activities of daily
living and some other professional activities (Yıldız et al., 2009).
The studies that examined lower extremity and position sense have used
various different measurement methods and arrangements in various different
positions. For this purpose, the literature has made use of electrogoniometers,
video analysis systems, passive movement systems (biodex), isokinetic devices
(Larsen et al., 2005; Alp and Pepe, 2008; Ün et al., 2002; Coşkun 2008;
Brumagneemail et al., 1999; Erden, 2002; Chan, 2009; Erdem, 2007). The
advantages of such measurement methods over each other have not yet been
identified. In contradistinction to such methods, this study has employed a
system that measured the active joint position sense. This system that has been
arranged based on active joint position sense method and validated accordingly
is based on the principle of measuring a person’s ability to follow a trace
displayed on a computer screen in closed kinetic position (Gattie et al., 2013;
M.R.S., 2006; Yosmaoglu et al., 2013). In a similar fashion with most studies
conducted in the literature, the proprioception sense was measured with active
joint position method (Gajdosik ve Lusin, 1983).
Since it is well known fact that the diminishment in muscle mass and
strength through aging affects the propriocetion sense in a negative way (Hurley
et al., 1998), care has been taken to keep the average age of the study group
close to each other and thus the negative effects of the proprioceptive
measurements brought about by aging has been avoided. In their study on the
relationship between sportive performance and proprioception, Lin et al. pointed
out that the skills of the persons were directly proportional with proprioception.
According to the measurements conducted on three groups that engaged in
playing tennis, the athletes in the elite group had the lowest error ratio
compared to the other groups (Lin et al., 2006). In their study where 15 female
gymnasts, with the average age of 19, were compared with 30 sedentary
individuals, with the average age of 20, through a proprioception device in a 45
degree flexion, Lephart et al. (1996) has presented significant differences in
terms of knee joint proprioception. Such findings lead one to think that this
may be to do with the development of proprioception as a result of a long term
training routine.
Another study conducted by Muaidi et al. (2009) saw the measurement of
knee joint proprioception of Olympic level footballers through a dynamometer.
The experimental group consisted of 18 footballers, and the control group
consisted of 18 healthy individuals who did not engage in sports. It was found
that the knee joint proprioception values of the elite level footballers –measured
for determining passive movement- were fairly higher than those who did not
engage in sports. In his study, Akdoğan (2011) studied the joint position sense
(propriception) in the knee joint among the folk dancers who rehearsed regularly
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and sedentary individuals who did not exercise by employing a digital
goniometer (DG) method. The study group consisted of a total of 30 voluntary
males, 15 of whom were folk dancers (with the average age of 21.33 ± 0.89,
average training age 3 ± 0.76 years) and 15 of whom were sedentary individuals
(with the average age of 21,2 ± 0.75 years). When the joint position sense
measurements were observed in the dominant leg at 150, 300, 450 and 600
degree and in three different measurement positions using a digital goniometer,
it was established that there was a statistically significant difference in favor of
folk dancers at 450 and 600 degrees in non weight bearing (NWB) position. In
his study, Akman (2007) studied the propriception of the black sea folk dancers
in the knee joint area. When the values obtained through electogoniometer were
examined, it was found that the 200 measurements of the dancers’ right knee
joint were significantly different than that of the sedentary individuals. Another
study conducted on the effect of regular folk dance rehearsals and ballet
exercises on the joint position sense found that the increase in the ability to
dance led to an improvement in the joint position sense and therefore the
proprioception sense in the body and overall postural control (Esen et al., 2013;
Akdoğan and Ertan, 2013). Xu et al. studied the effect of tai chi exercises on the
proprioception in the ankles and knees in the elderly.
They compared the
elderly that do tai chi for a long time with those who swam and ran for a long
time and that of the sedentary individuals. As a result of the comparison, the
joint position sense in those who did tai chi were found to be highly significant
than that of the sedentary individuals and significant than that of the runners
and swimmers (Xu et al., 2004). In their study, Higgins et al. (1997) studied the
propriocetion in the knee joint in athletes in both weight bearing (WB) and non
weight bearing (NWB) positions and compared it with anterior tibial translation.
According to their study, proprioception was found to have increase with the WB
exercises. This is because they believed that the number of mechanoreceptors
led to an increase in proprioceptive input. A statistically significant difference
was found in non weight bearing (NWB) exercises when conducted on one’s back
at 450 degrees with the groups of swimmers and sedentary individuals
(irrespective of gender) (Okçu, 2012). Lephart et al. (1997) found that regular
exercise increases the neuro-sensory and motor development and positively
affects the sense of balance and proprioception and thereby reduces the risk of
injury. The evidence suggests that the proprioception values of the young
individuals engaging in sports are higher than those who do not engage in sports
and that their knee joint position sense at different joint angles are found to be
different than the latter group (Riberio et al., 2010).
The results of the
aforementioned studies appear to be in parallel with the findings of this study.
In this respect, the reason why the individuals engaging in sports have better
proprioceptive skills than others is believed to lie in the fact that the individuals
in question have been training for a long time (Arslan, 2009).
Some other studies, however, have failed to establish any difference
between the joint position senses of athletes and sedentary individuals (Bartlett
et al., 2002; Akman, 2007). Another study investigating the relationship
between the dominant isokinetic strength and joint position sense in the girls
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and boys engaging in sports and the girls not engaging in sports established that
there was not a strong relationship between the parameters (Yurdagül, 2012).
The findings of the studies conducted by Bartlett et al., (2002), Akman, (2007)
and Yurdagül (2012) do not appear to support the findings of the present study.
5. Discussion
As a result of this study, it has been established that the proprioceptive
sense values of the male and female students who exercise regularly are better
than those who do not engage in sports (p<0.05).
On the strength of the
findings of this study, it can be suggested that the proprioceptive sense in the
students not engaging in sports can be improved by encouraging them to take
part in physical exercises on a regular basis and this in turn can contribute to
the further improvement in muscle control, movement sensitivity and joint
stability as well as to the maintenance of most daily living activities that involve
nervous and physical elements in a healthier manner.
References
Akdoğan, E. (2011). Halk Dansçıların Diz Eklemi Pozisyon Hissinin (Propriosepsiyon) İncelenmesi,
Yüksek Lisans Tezi, Anadolu Üniversitesi Sağlık Bilimleri Enstitütüsü.
Akdoğan, E., Ertan, H. (2013). Halk Dansçılarında Eklem Pozisyon Duyusunun (Propriosepsiyon)
İncelemesi. Pamukkale Journal of Sports Sciences vol 4 no:3, pg:122-133.
Akman, M., (2007). Karadeniz Halk Dansları İcracılarının Diz Eklemlerinde Gelişmiş Olan
Propriosepsiyon Ve Eklem Pozisyon Duyusunun İncelenmesi, Yüksek Lisans Tezi, Marmara
Üniversitesi Sağlık Bilimleri Enstitüsü.
Assimakopoulos, A. P., Katonis, P. G., Agapitos, M. V., Exarchou, E. (1992). The innervation of the
human meniscus. Clin Orthop Relat Res, Feb; (275):232-6.
Aydoğ, S. T., Tetik, O., Atay, A. O., Demirel, H., Leblebicioğlu, G., Doral, M. N. (2003).
Propriosepsiyonun önemi ve değerlendirilmesi. 9.Ulusal Spor Hekimliği Kongresi, Kongre
Kitabı (s. 82). Ankara: Nobel Yayın Dağıtım.
Alp, E. Pepe, K. (2008). Kısa ve uzun dönemde farklı germe egzersizlerinin propriyoseptif duyuya
etkisi. Yüksek Lisans Tezi, Mehmet Akif Ersoy Üniversitesi, Burdur.
Arslan, F. (2009). Taekwondo Sporcularında 8 Haftalık Propriyosepsiyon Antrenman Programının
Dinamik Postural Kontrol Üzerine Etkisi, Gazi Üniversitesi Sağlık Bilimleri Enstitüsü Beden
Eğitimi Ve Spor Anabilim Dalı, Doktora Tezi, Ankara.
Bartlett, M. J., Warren P. J. (2002). Effect of Warming Up Knee Proprioception Before Sporting
Activity. British Journal of Sports Medicine, 36:132-134.
Bucher, C. A., Koenig, C. R. (1983). Method and Material for Secondary School Phycial Education.
Saint Louis: The C.V. Mossey Company.
Boyd, I. A. (1954). The histological structure of the receptors in the knee joint of the cat correlated
with their physiological response. J Physiol, 124:476-88.
Brumagneemail, S. S. B., Lysens, R., Spaepen, A. (1999). Lumbosacral repositioning accuracy in
standing posture: a combined electrogoniometric and videographic evaluation. Clin Biomech,
14 (5), 361-363.
Chan, D. (2009). The effects of plyometric versus strength training exercise program on shoulder
proprioception. Yüksek lisans tezi, Hacettepe Üniversitesi, Ankara.
Coşkun, G. (2008). Kronik bel ağrısının rehabilitasyonunda propriyoseptif egzersizlerin kas kuvveti
ve fonksiyonel düzey üzerine olan etkisi. Doktora tezi, Hacettepe Üniversitesi, Ankara.
Eklioğlu, B. S., Atabek, M. E., Akyürek, N., & Sarıkaya, E. (2016). Endokrinoloji Polikliniğine
Puberte Bulguları ile Başvuran Olguların Etiyolojik Dağılımı ve Klinik Özellikleri. Türkiye
Çocuk Hastalıkları Dergisi.
Erdem, E. U. (2007). Servikal spondilozda eklem pozisyon hissi, kas kuvveti ve fonksiyonel düzey
arasındaki ilişki. Doktora tezi, Hacettepe Üniversitesi, Ankara.

9546

GÖKTEPE

Erden, Z. (2002). Total diz protezi uygulanan hastalarda rehabilitasyonun fonksiyonel aktivite ve
propriyoseptif duyu üzerine etkileri. Doktora tezi, Hacettepe Üniversitesi, Ankara.
Esen, A., Nalçakan Rudarlı, G., Varol R. S. (2013). Joint Position Sense In Turkish Professional
Balet Dancers. Niğde Üniversitesi Beden Eğitimi Ve Spor Bilimleri Dergisi Cilt 7, Sayı 1.
Fitzgerald, G. K., Axe, M. J., Snyder-Mackler, L. (2000). The efficacy of perturbation training in
nonoperative anterior cruciate ligament rehabilitation programs for physically active
individuals. Physical therapy, 80(2), 128-140.
Frıden, T., Roberts, D., Ageberg, E., Walden, M., Zatterstrom, M. (2001). Review of knee
proprioception and relation to extremity function after an anterior cruciate ligament rupture, J
Orthop Sports Phys Ther, 31 (10): 567-76.
Gajdosik, R., Lusin, G. (1983). Hamstring muscle tightness. Reliability of an active-knee-extension
test. Phys Ther, 63 (7), 1085-1090.
Gattie, E. R., Decoster, L. C., Heon, M. M., LaRoche, D. P. (2013). Reliability and validity of the
monitored
rehabilitation
functional
squat
proprioception
test
component
http://www.nhmi.net/validity_and_reliability_of_the_monitored_rehab.php
Göktepe, M., Şenel, Ö., Özkan, A. (2015). Bazı Raket Sporlarıyla Uğraşan Sporcuların Reaksiyon
Zamanları Ve El Kavrama Kuvvetleri İle Denge Ve Proprioseptif Duyularının İlişkisi. Sstb
International Refereed Academic Journal Of Sports, Health & Medical Sciences, 17.
Guyton, A. C. (1993). (Çeviren Gökhan N, Çavuşoğlu,H.) Tıbbi Fizyoloji. 3. Baskı, Somatik duyular:
Nobel Tıp Kitabevi, İstanbul; 827-843.
Günay, M., Cicioğlu,İ. (2001). Spor Fizyolojisi, Gazi Kitapevi, 1. Baskı, Ankara.
Güngör, G. (2010). Gemi Zabitleri - Zabit Adayları İle Kürek Sporcularının Karşılaştırmalı Denge
Analizleri, İstanbul Teknik Üniversitesi Fen Bilimleri Enstitüsü Deniz Ulaştırma Anabilim
Dalı, Yüksek Lisans Tezi, İstanbul.
Grigg, P., Hoffman, A. H. (1982). Properties of Ruffini afferents revealed by stress analysis of
isolated sections of cat knee capsule. J Neurophysiol, 47:41-54.
Halata, Z., Groth, H. P. (1976). Innervation of the synovial membrane of the cats joint capsule: An
ultrastructural study. Cell Tissue Res, 169:415-18.
Halata, Z., Haus, J. (1989). The ultrastructure of sensory nerve endings in human anterior cruciate
ligament. Anat Embryol (Berlin), 179:415-21.
Harmandar, İ. H. (2004). Beden Eğitimi ve Sporda Özel öğretim Yöntemleri. Nobel Yayın Dağıtım,
Ankara.
Hazar, M. (1996). Beden Eğitimi ve Sporda Oyunla Eğitim, Tutibay Yayınları, Ankara.
Haywood, K. M. (1989). Life Span Motor Development. Champaing Human Kinetics. Pub Inc.
Higgins, M. J., Perrin, D. H. (1997). Comparison of Weight-Bearing and Non-Weight- Bearing
Conditions on Knee Joint Reposition Sense. Journal of Sport Rehabilitation., 6 : 327-334.
Hurkmans, E.J., Van Der Esch, M., Ostelo, R.W., Knol, D., Dekker. J., Steultjens, M.P. (2007).
Reproducibility of the measurement of knee joint proprioception in patients with osteoarthritis
of the knee, Arthritis Rheum, 57(8): 1398-403.
Hurley, M. V., Rees, J., Newham, D. J. (1998). Quadriceps function, proprioceptive acuityand
functionalperformance in healty young, middle-aged and elderly subjects. Age Ageing, 27, 5562.
Johansson, H. (2000). Peripheral Afferents of the Knee: Their Effects on Central Mechanisms
Regulating Muscle Stiffness, Joint Stability, and Proprioception and Coordination. S. M.
Lephart, & F. H. Fu içinde, Proprioception and neuromuscular control in joint stability (s. 522). USA: Human Kinetics.
Karakaş, F. (2012). Çoklu Reaksiyon Zamanı İle İzokinetik Denge Arasındaki İlişkinin İncelenmesi,
Ondokuz Mayıs Üniversitesi Sağlık Bilimleri Enstitüsü Beden Eğitimi Ve Spor Anabilim Dalı,
Yüksek Lisans Tezi, Samsun.
Larsen, R., Lund, H., Christensen, R., Rogind, H., Samsae, B. D.,Bliddal, H. (2005). Effect of static
stretching of quadriceps and hamstring muscles on knee joint position sense. Br J Sports Med,
39, 43-46.
Lephart, S. M., Giraldo, J. L., Borsa, P. A., Fu, F. H. (1996). Knee Joint Proprioception: A
Comparison Between Female İntercollegiate Gymnast and Controls, J Sports Medecine, 4: 121124.

INTERNATIONAL JOURNAL OF ENVIRONMENTAL & SCIENCE EDUCATION

9547

Lephart, S. M., Pincivero, D. M., Giraldo, J. L. (1997). The Role of Proprioception İn The
Management and Rehabilitation of Attletic İnjuries. The American Journal of Sports Medicine;
25(1), 130-137.
Lin, C. H., Lien Y. H., Wang S. F., Tsauo J. Y. (2006). Hip and knee proprioception in elite, amateur,
and novice tennis players. American Journal of Physical Medicine and Rehabilitation, 85, 3,
216-221.
Mine, T., Kimura, M., Sakka, A., Kawai, S. (2000). Innervation of nocireceptors in the menisci of the
knee joint. Arch. Orthop Trauma Surg, 120:204-210.
M.R.S. (2006). Monitored Rehab Systems Software-E0701 Guideline. (2006), 74-86).
Moran, G. T., McGlynn, G. (1997). Dynamics of Training and Conditioning. Second Edition. USA:
WBC/McGraw-Hill.
Muaidi, Q. I., Nicholson, L. L., Refshauge, K. M. (2009). Do elite athletes exhibit enhanced
proprioceptive acuity, range and strength of knee rotation compared with non-athletes? Scand
J Med Sci Sports.;19(1):103-12.
Norris, J. M., Langefeld, C. D., Scherzinger A. L., Rich, S. S., Bookman, E., Beck S. R., Saad, M. F.,
Haffner, S. M., Bergman, R. N., Bowden D. W., Wagenknecht, L. E. (2005). Quantitative trait
loci for abdominal fat and BMI in hispanic-americans and African-Americans: The IRAS family
study, International Journal of Obesity, 29: 67-77
Okcu, Ç. (2012). Yüzücülerde Diz Eklemi Pozisyon Duyusunun (Propriosepsiyon) Değerlendirilmesi,
Anadolu Üniversitesi Sağlık Bilimleri Enstitüsü Beden Eğitimi Ve Spor Anabilim Dalı, Yüksek
Lisans Tezi, Eskişehir.
Özkan, A., Safaz, İ., Yaşar, E., Yazıcıoğlu, K. (2013). An examination of physical fitness related with
performance characteristics of amputee football players. International Journal of Science
Culture and Sport (IntJSCS), 1(3).
Riberio, F., Oliveira, J., Pinherio, Tiago, M. (2010). Warming-Up Before Sporting Activity İmproves
Knee Position Sense, Physical Therapy İn Sport, 11: 86-90.
Schultz, R. A., Miller, D. C., Kerr, C. S., Micheli, L. (1984). Mechanoreceptors in human cruciate
ligaments. A histological study. J Bone Joint Surg, 1072-1076.
Song, J., Nı, C., Zhang, K. (2013). A comparative study on proprioception between lower limbs of
unaffected side of hemiplegic patients after stroke and lower limbs of normal person. Chinese
Journal of Rehabilitation Medicine, 1, 9.
Stillman, B. C. (2002). Making Sense of Proprioception: The meaning of Proprioception. Kinasthesia
and Related Terms. Physiotherapy. 88 (11), pg:646- 667.
Taylor, R. W., Keil, D., Gold, E. J., Williams, S. M., Goulding, A. (1998). Body mass index, waist girth
and waist-to-hip ratio as indexes of total and regional adiposity in woman: Evalution using
receiver operating characteristics curves, The American Journal of Clinical Nutrition, 67:44-49.
Tessalina, S. G., Herrington, R. J., Taylor, R. N., Sundblad, K., Maslennikov, V. V., Orgeval, J. J.
(2016). Lead isotopic systematics of massive sulphide deposits in the Urals: Applications for
geodynamic setting and metal sources. Ore Geology Reviews, 72, 22-36.
Ulkar, B., Kunduracıoğlu, B., Çetin, C., Güner R. S. (2004). Effect of positioning and bracing on
passive position sense of shoulder joint, Br J Sports Med, 38: 549-552.
Ün, N., Yüştaşır, B., Ergun, N. (2002). Statik germe süresinin hamstring kas esnekliği üzerine
etkisi. Fizyoterapi ve Rehabilitasyon, 13 (2), 72-76.
Url 1. (2016). http://www.tecnobody.it (last access date: 10 January 2016).
Yıldız, H., Biçer, M., Akcan, F., & Mendeş, B. (2016). Ampute Futbolcularda Hazırlık Dönemi
Çalışmalarının Fiziksel Ve Fizyolojik Parametreler Üzerine Etkileri. Spor ve Performans
Araştırmaları Dergisi, 7(1), 45-52.
Yildiz, Y., Sekir, U., Hazneci, B., Ors, F., Saka, T., Aydin, T. (2009). Reliability of a functional test
battery evaluating functionality, proprioception and strength of the ankle joint. Turk J Med
Sci; 39:115-23.
Yosmaoglu, H. B., Kaya, D., Guney, H., Nyland, J., Baltaci, G., Yuksel, İ. ve diğerleri. (2013). Is
there a relationship between tracking ability, joint position sense, and functional level in
patellofemoral pain syndrome? Knee Surg Sports Traumatol Arthrosc. 2406-2 .Springer-Verlag
Berlin Heidelberg.

9548

GÖKTEPE

Yurdagül, Ş. T. (2012). Genç Voleybolcularda Omuzun Propriyoseptif Değerlendirmesi, Ankara
Üniversitesi Sağlık Bilimleri Enstitüsü, Beden Eğitimi Ve Spor Anabilim Dalı, Yüksek Lisans
Tezi, Ankara.
Wang, S., Yang, J., Zhu, Y. (2011). Reliability and validity of static balance measures in hemiplegic
patients using balance feedback training equipment. Chinese Journal of Rehabilitation
Medicine, 11, 013.
Xu, D., Hong Y., Li J., Chan K. (2004). Effect of tai chi exercise on proprioception of ankle and knee
joints in old people. Br J Sports Med, 38, pg:50-54.
Zimny, M. L. (1988). Mechanoreceptors in articular tissues. Am J Anat, 182:16-32.
Zimny, M. L., Albright, D., Dabezies, E. (1988). Mechanoreceptors in the human medial meniscus.
Acta Anat (Basel), 133:35-40.
Zimny, M. L., Schutte, M., Dabezies, E. (1986). Mechanoreceptors in the human anterior cruciate
ligament. Anat Rec, 214:204-209.

