b« Journal of Advanced Zoology
N

ISSN: 0253-7214
Volume 44 Issue S-5 Year 2023 Page 1690:1696

Association of Age, Gender and Body Mass Index with Proprioception in
Knee Joint in Healthy Individuals
Jaykumar Soni'*, Mansi Patel?

Assistant Professor, College of Physiotherapy, Sumandeep Vidyapeeth deemed to be University
2post Graduate Student, College of Physiotherapy, Sumandeep Vidyapeeth deemed to be University

*Corresponding author’s E-mail: jds_1soni@yahoo.com & jaysoni.physio@gmail.com

Article History Abstract
Rec?ived: 06 June 2023 Background: The word proprioception is derived from Latin word “proprius”
Revised: 05 Sept 2023 means it is one’s own and “reception” means it receives. In Musculoskeletal
Accepted: 01 Nov 2023 rehabilitation, proprioception plays significant role in maintaining normal

motor control. The proprioception is an important non-invasive clinical
procedure which helps in diagnosing pre-existing and treating knee conditions.
Proprioception assessment is foremost because loss in proprioception will lead
to altered weight bearing at joints and alteration of normal body movement
causing fall or injury. Purpose of this study is to find out the association of knee
joint proprioception with age, gender and BMI in healthy individuals. Methods:
Total 132 participants are included in the study. Their height and weight was
measured to calculate their BMI. After that, proprioception was assessed with
the help of goniometer mounted on the stand. Knee joint proprioception was
measured for Test angles 30°, 45° and 60° toward extension. At all angles test
was performed three times in sequence. Result: The collected data were
analyzed in SPSS software version 21.0. At 30° correlations between both side
of knee joint proprioception with Age, Gender and BMI was non-significant
except left side of proprioception with gender. However, at 45° correlations
between both side of knee joint proprioception with Age, Gender and BMI was
found significant. Additionally, similar of most result was found at 60° except
left side of knee joint proprioception was found not significant with BMI.
Conclusion: Knee joint proprioception decreases with ageing and are more in
females than males. This study finds weak to moderate correlation with BMI.
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1. Introduction

The word proprioception is derived from Latin word “proprius” means it is one’s own and “reception”
means it receives.! The history of investigating an ability of people to perceive, accurately control the
movement without any visual input have become thirst area.?2In Musculoskeletal rehabilitation,
proprioception plays significant role in maintaining normal motor control. Although, having this
importance, the widespread accepted definition is not available.®The first definition of proprioception
was published by Sherrington who stated that it is as “a deep field of receptors in which stimuli are
traceable to actions of the organism”.*According to clinicians, global proprioception as “a specialized
type of the sense of touch” 4 and “the sense of position and movements of the limb™® and it is seems to
be “...used to reference the afferent information arising from proprioceptors”® Globe DJ et al. defined
perception for proprioception as “The ability of an individuals to determine body segment positions and
movements in space, and is based on sensory signals provided to the brain from muscles, joint and skin

receptors™. b’

Accuracy in assessing proprioception can help us establish if there is a loss of proprioception and if so,
what precautions and treatments should be taken. It will assist us in understanding the situation. Range
of numerative value and the degree of change that we observe can take preventative measures to avoid
injury.
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There is an inadequate of research on the connection between body mass index and proprioception, and
very few studies have been done on young, healthy individuals. The majority of studies have been done
in the populations of adolescents, older people, and athletes.

Therefore, purpose of this study is to find out the association of knee joint proprioception with age,
gender and body mass index in healthy individuals.

Thus, the aim of the study was to assess the proprioception (joint position sense) of knee joint in
healthy individuals with respect to age, gender and body mass index.

Procedure:

The above study was forwarded and approved by institutional ethical committee. After that, it was
registered with the Clinical Trial Registry- India. After obtaining the ethical approval healthy
individuals were approached and explained the study. All those who were willing to participate in study
were requested to fill out informed Consent Form (Annexure I). A Participant information sheet
(Annexure I1) was given to each participant and they were explained regarding the assessment involved
in the study. All the participants were screened as per the assessment sheet (annexure I11). Participants
who were falling under the exclusion criteria were excluded from the study. All those participants who
fulfil inclusion criteria were explained detail about the entire study procedure in their language and they
were recruited in the study.

Their height and weight were measured to calculate their BMI. After that, proprioception was assessed
with the help of goniometer mounted on the stand.

The Test Procedure is as follows:
Step 1 - Measurement of Height and Weight

The participants were asked to remove his/her foot ware. The participant’s weight was recorded in
kilograms and the height was recorded in centimetres using digital weighing scale and stadiometer
respectively.

Step 2 - Measurement of Joint Position Sense was measured using goniometer subject seated in chair
sitting position

Screencd Tor the Eligibiliny
(N = 139) Excluded (N — 07)
- Not willing to
- > participate (N — 0O5)
- Not tall filling the
inclusion criteria (N —
Participants included in the 02)
study
(N =—132)
l Drop out (N — O)
Analyzed
(N —132)

participants were recruited in the present study with a mean age of 26.58 years. The descriptive
characteristics of all variables are as follows:

Table - 1. The above table shows the Mean and Standard Deviation of the knee joint proprioception
for age, gender and BMI.

Characteristics Mean Standard Deviation Range
Age 26.58 6.82 18 - 40
BMI 24.01 4.73 15-37

Left-30° 32.8 4.62 22 -50.33
Left-45° 48.2 4 36.67 - 56
Left-60° 63.29 4.16 53.67 - 78.33
Right-30° 34.1 491 20.67 - 48.67
Right-45° 47.87 3.89 38.33 - 60.67
Right-60° 62.17 3.65 53.67 - 72.33
Male: 40
Gender Female: 92
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Correlation between 30° Left Reported Angle with age, gender and BMI

Left 300
Correlation Pearson's R P Value Conclusion
Left side Ifnee joint angle 0.11 0.21 No Slgnlf!cant
with Age Correlation
Left side knee joint angle No Significant
with BMI 0.14 0.102 Correlation
Left 30°
Correlation Point Biserial P Value Conclusion
Left side knee joint angle Significant
with Gender 0.174 0.046 Correlation

Correlation between 45° Right Reported with age, gender and BMI

Right 45°
Correlation PearRson S P Value Conclusion
Right side knee joint angle with Significant
0.099 0.025
Age Correlation
Right side knee joint angle with Significant
0.195 0.024
BMI Correlation
Right 45°
Correlation Point | P Value Conclusion
Right side knee joint angle with 0.092 0.292 No Significant

Correlation between 60° Left Reported Angle with age, gender and BMI

Left 60°
Correlation PearRson S P Value Conclusion
Left side knee joint angle with 0.124 0015 Slgnlflcgnt
Age Correlation
Left side knee joint angle with -0.07 0.424 No Slgnlf!cant
BMI Correlation
Left 60°
Correlation Emn_t P Value Conclusion
Biserial
Left side knee joint angle with 0117 001 Slgnlflc‘:int
Gender Correlation

Correlation between 60° Right Reported Angle with age, gender and BMI

Right 60°
Correlation Peal;_\s)on 3|P Value Conclusion
Right side knee joint angle with 0214 0013 Slgnlflcgnt
Age Correlation
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Right side knee joint angle with Significant
BMI 0.137 0.011 Correlation
Right 60°
POINT
CORRELATION BISERIAL P VALUE CONCLUSION
Right side knee joint angle with 0.133 0012 Slgnlflcgnt
Gender Correlation

This study aimed to observe the association of knee joint proprioception at three different angles which
gives an idea on variance.

The knee is a complex variety of hinge joint, responsible for movement and stability of lower limb and
activity like sitting, standing, walking, running etc. To complete this activity joint position sense is
essential which is provided by mechanoreceptors which located in and around the knee joint. Any injury
at or around the knee joint will affect the action of mechanoreceptors leading to alteration in joint
positon sense.

In this study out of 139 participants, 132 participants included and 7 were excluded due to not fulfilling
the inclusion criteria and denied for consent.

Knee Joint Proprioception and Age

In this study correlation of left and right knee proprioception at 30° with age, was not significant,
whereas at the angle of 45° and 60°, it was found significant.

The finding of this study is supported by previous studies which are as follows.

Ribeiro et al., Male participants of different ages were compared, with the average age of the younger
group having 20.6 years, and the older group having 72.2 years. They found that the older group had
double the error scores in joint position measurements than the younger group. 2°

Pai et al., Petrella et al., Kaplan et al., and Hurley et al. also report an increase in knee joint position

sense in older adults despite the use of unpredictable joint position sense assessment methodologies. &
30-32

The observed age-related deterioration in joint position sense may be elucidated by age-related changes
in both central and peripheral components. Several studies had shown anatomical and physiological
changes in muscle spindle with age. At peripheral level, total amount of muscle spindles reduces with
age and thus the dynamic response. In case of muscle denervation, the intrafusal fibers reduce; however,
thickness of muscle spindle increases. An increase in the amount of collagen and fibrous tissue arranged
in the inner capsule may also be the cause of the alterations in muscle spindle architecture. 1821293435
The studies have shown thickness of extrafusal fibers also increases with age. Secondly, nerve
conduction velocity decreases which results reduction in spindle sensitivity.?>* This has impact on
recruitment of mechanoreceptors of a joint which declines with the age. 193738

As people age, the dendrite system in the motor cortex declines, which results in fewer motor neurones
in the central nervous system. This alters the fundamental aspect of proprioception, or the integration
of sensory input.?2°3* The remaining motor neurons are bigger and have a slower conduction rate.
Additionally, there is incontrovertible proof of a decline in grey matter, which results in a less efficient
central nerve system.'®4° for a list of all possible age-related changes to proprioception.

The same findings were also supported by one of the studies done by M. V. Hurley et al. stating that
proprioception acuity relies on accurate sensory input, central integration and the afferent muscle
spindle sensitivity plays an important role which decreases with age and leads to loss in proprioception.
With this Quadriceps function is also affected. It showed that acuity of joint sense and postural stability
reduced with age.*

In this study, participants had no underlying conditions therefore the reduction in proprioception with
age can be recognized to degenerative changes,** ligament laxity,*> muscle weakness and capsular
stiffness. 154

Another study by of Saxton et al. also stated that as age increases subjects tend to overshoot the criterion
angle more often.*
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However, Pickard et al. who also found no significant differences between young and older population
groups in terms of proprioception. They stated that older group participated in regular physical activity
which may have countered a proprioceptive decline. Thus, this evidence has indicated that physical
activities do not attenuate the of proprioception with age.*

Knee Joint Proprioception and Gender

In this study correlation of left knee proprioception at 30°, 45° and 60° with gender was found
significant, whereas at the right knee proprioception at 30° and 45° it was found not significant but 60°
it was found significant.

The study of this result was supported by Rania N. Karkousha, she stated that proprioception accuracy
in female is reduced while comparing with male. This is because the soft tissues have oestrogen
receptors, which are responsive to female sex hormones. Increased estradiol concentrations decrease
collagen synthesis and fibroblast proliferation as oestrogens has measurable direct effects on soft tissue
strength, muscle function, collagen metabolism, and behaviour. This mechanism could have indirect
effect on the neuromuscular system, which controls the proprioception awareness.?

Second, females' tendons and ligaments have different structural, morphological, and biomechanical
characteristics from those seen in males. The anatomical configuration of anterior cruciate ligament and
cartilage varies in both the gender.?®

Henry JC et al. studied the proprioception difference on athletic population between males and females
and showed that females had decreased stiffness and decreased dynamic stabilisation showing reduced
proprioception than males. It should be emphasised that this may result in increased imbalance and falls,
and women have a higher risk of injuries than males. This is another possible explanation for the
probable difference in proprioception in the general population.®

Knee Joint Proprioception and BMI

In this study correlation of left knee proprioception with BMI at 30° and 60° was found not significant,
whereas same side at 45° it was found significant. For right knee proprioception at 30° it was found not
significant but at 45° and 60° it was found significant.

The finding of this study was supported by previous done by Paschalis et al. The influence of BMI on
knee joint position sense in three knee flexion target angles was investigated. Overweight
(BMI>29kg/m?) participants exhibited considerably worse joint position awareness abilities, according
to the findings. This could be attributable to muscular atrophy in overweight persons, as well as a
decreased number of active muscle spindles and thus worse proprioceptive ability. As a result, when
treating overweight individuals, clinical practitioners may need to account for some deficiencies in knee
joint position perception. Relationships, however, do not provide proof of cause and effect; it is possible
that the higher BMI was not the reason of the drop in knee Joint position sense scores. Again, clinical
practitioners should not adjust their treatment solely based on BMI.?’

Another reason behind fetching this result could be the length of the lever during knee extension. Taller
participants are likely to have longer lower limbs, which would increase torque produced (as torque =
force x perpendicular distance from the axis of rotation) during knee extension compared to a shorter
lower limb. The muscular sense will be more when lever is moving away from axis toward the mid-
range target. This may improve the "muscular sense™ of the longer lever, specifically the mid-range
goal angle employed in knee joint position perception.

4. Conclusion

The present study concludes that there was no statistically significant correlation at 30° both knee joint
proprioception with age, gender and BMI; except left side at 30° knee proprioception with gender. There
was significant correlation between both sides of knee proprioception at 45° with age, gender and BMI,
except right of knee joint proprioception at 45° with gender. At 60° there was significant correlation of
both side knee proprioception with age, gender and BMI; except left 60° knee proprioception with BMI.

Limitation:

The lower limb dominance was not included

The age group was limited

Unequal gender distribution

Hormonal level in female participants was not included

Muscles Strength was not included as one of the outcome measures.

- 1694 - Available online at: https://jazindia.com


https://jazindia.com/

References:

1. Sherrington CS. On the proprioceptive system, especially in its reflex aspect. Brain. 1907 Mar 1;29(4):467-
82.

2. Proske U. Kinesthesia: the role of muscle receptors. Muscle & Nerve: Official Journal of the American
Association of Electrodiagnostic Medicine. 2006 Nov;34(5):545-58.

3. Lephart SM. Introduction to the sensorimotor system. Proprioception and neuromuscular control in joint
stability. 2000:16-26

4. Barrack RL, Lund PJ, Skinner HB. Knee joint proprioception revisited. Journal of Sport Rehabilitation. 1994
Feb 1;3(1):18-42.

5. Grigg P. Peripheral neural mechanisms in proprioception. Journal of Sport Rehabilitation. 1994 Feb 1;3(1):2-
17.

6. Riemann BL, Lephart SM. The sensorimotor system, part I: the physiologic basis of functional joint stability.
Journal of athletic training. 2002 Jan;37(1):71.

7. Goble DJ. Proprioceptive acuity assessment via joint position matching: from basic science to general practice.
Physical therapy. 2010 Aug 1;90(8):1176-84.

8. Ogard WK. Proprioception in sports medicine and athletic conditioning. Strength & Conditioning Journal.
2011 Jun 1;33(3):111-8.

9. Hogervorst TO, Brand RA. Current concepts review-mechanoreceptors in joint function. JBJS. 1998 Sep
1;80(9):1365-78.

10.Richards J, Selfe J. Clinical principles of kinesiology. InMercer's Textbook of Orthopaedics and Trauma Tenth
edition 2012 Feb 24 (pp. 224-240). CRC Press.

11.Moravveji H, Ghanbari A, Kamali F. Proprioception of knee joint in atheletes and non atheletes obese. Global
J Health Sci. 2017;9:286-93.

12.Dye SF, Vaupel GL. Functional anatomy of the knee: bony geometry, static and dynamic restraints, sensory
and motor innervation. Proprioception and neuromuscular control in joint stability. Langley: Human
Kinetics. 2000;59:76.

13.Johansson H, Sjolander P, Sojka P. Receptors in the knee joint ligaments and their role in the biomechanics of
the joint. Critical reviews in biomedical engineering. 1991 Jan 1;18(5):341 68.

14 Piriyaprasarth P, Morris ME, Winter A, Bialocerkowski AE. The reliability of knee joint position testing using
electrogoniometry. BMC musculoskeletal disorders. 2008 Dec;9(1):1-0.

15.Nitsure P, Prabhu S. Study of differences in proprioception of knee joint with age, gender and lower limb
dominance in healthy asymptomatic individuals: an observational study. Sports Med. 2015;2015:1-5.

16.Pai YC, Rymer WZ, Chang RW, Sharma L. Effect of age and osteoarthritis on knee proprioception. Arthritis
& Rheumatism: Official Journal of the American College of Rheumatology. 1997 Dec;40(12):2260-5.

17.Henry M, Baudry S. Age-related changes in leg proprioception: implications for postural control. Journal of
neurophysiology. 2019 Aug 1;122(2):525-38.

18.Miwa T, Miwa Y, Kanda K. Dynamic and static sensitivities of muscle spindle primary endings in aged rats
to ramp stretch. Neuroscience letters. 1995 Dec 8;201(2):179-82.

19.Herter TM, Scott SH, Dukelow SP. Systematic changes in position sense accompany normal aging across
adulthood. Journal of neuroengineering and rehabilitation. 2014 Dec;11(1):1-2.

20.Swash M, Fox KP. The effect of age on human skeletal muscle studies of the morphology and innervation of
muscle spindles. Journal of the neurological sciences. 1972 Aug 1;16(4):417-32.

21.Mynark RG, Koceja DM. Effects of age on the spinal stretch reflex. Journal of applied biomechanics. 2001
Aug 1;17(3):188-203.

22.Goble DJ. coxon JP, Wenderoth N, Van Impe a, swinnen sP (2009) Proprioceptive sensibility in the elderly:
degeneration, functional consequences and plastic-adaptive processes. Neurosci Biobehav
Rev.;33:271-8.

23.Relph N, Herrington L. The effects of knee direction, physical activity and age on knee joint position sense.
The Knee. 2016 Jun 1;23(3):393-8.

24.Das PR, Yadav S, Ankita MR. There is a significant difference between joint position sense among male and
female obese individuals in which female obese subjects have performed more Joint Position Sense
Error than male obese subjects. JK-Practitioner. 2020 Jan;25(1-4):21.

25.Karkousha RN. Sex differences of knee joint repositioning accuracy in healthy adolescents. Bulletin of Faculty
of Physical Therapy. 2016 Jun;21(1):56-60.

26.Wang Y, Wang JQ. Standard definition of child overweight and obesity worldwide: authors' standard
compares well with WHO standard. BMJ: British Medical Journal. 2000 Nov 11;321(7269):1158.

27.Paschalis V, Nikolaidis MG, Theodorou AA, Deli CK, Raso V, Jamurtas AZ, Giakas G, Koutedakis Y. The
effects of eccentric exercise on muscle function and proprioception of individuals being overweight
and underweight. The Journal of Strength & Conditioning Research. 2013 Sep 1;27(9):2542-51.

28.Wang L, Li JX, Xu DQ, Hong YL. Proprioception of ankle and knee joints in obese boys and nonobese boys.
Medical Science Monitor: International Medical Journal of Experimental and Clinical Research. 2008
Mar 1;14(3):CR129-35.

29.Ribeiro F, Oliveira J. Effect of physical exercise and age on knee joint position sense. Archives of gerontology
and geriatrics. 2010 Jul 1;51(1):64-7.

- 1695 - Available online at: https://jazindia.com



https://jazindia.com/

Association of Age, Gender and Body Mass Index with Proprioception in Knee Joint in Healthy Individuals

30.Nelson MG, Lattanzio PJ, Petrella RJ. The effect of age and activity on knee-joint proprioception. Clinical
Journal of Sport Medicine. 1996 Oct 1;6(4):284.

31.Kaplan FS, Nixon JE, Reitz M, Rindfleish L, Tucker J. Age-related changes in proprioception and sensation
of joint position. Acta Orthopaedica Scandinavica. 1985 Jan 1;56(1):72-4.

32.Hurley MV, Rees J, Newham DJ. Quadriceps function, proprioceptive acuity and functional performance in
healthy young, middle-aged and elderly subjects. Age and ageing. 1998 Jan 1;27(1):55-62.

33.Horak FB, Shupert CL, Mirka A. Components of postural dyscontrol in the elderly: a review. Neurobiology
of aging. 1989 Nov 1;10(6):727-38.

34.Ribeiro F, Oliveira J. Aging effects on joint proprioception: the role of physical activity in proprioception
preservation. European review of aging and physical activity. 2007 Oct;4(2):71-6.

35.Shaffer SW, Harrison AL. Aging of the somatosensory system: a translational perspective. Physical therapy.
2007 Feb 1;87(2):193-207.

36.Tanosaki M, Ozaki |, Shimamura H, Baba M, Matsunaga M. Effects of aging on central conduction in
somatosensory evoked potentials: evaluation of onset versus peak methods. Clinical Neurophysiology.
1999 Dec 1;110(12):2094-103.

37.Aydog ST, Korkusuz P, Doral MN, Tetik O, Demirel HA. Decrease in the numbers of mechanoreceptors in
rabbit ACL.: the effects of ageing. Knee Surgery, Sports Traumatology, Arthroscopy. 2006 Apr;14:325-
9.

38.lwasaki T, Goto N, Goto J, Ezure H, Moriyama H. The aging of human Meissner's corpuscles as evidenced
by parallel sectioning. Okajimas folia anatomica Japonica. 2003;79(6):185-9.

39.Campbell MJ. McComas AJ, and Petito F. Physiological changes in ageing muscles. J Neurol Neurosurg
Psychiatry. 1973;36:174-82.

40.Scheibel ME, Lindsay RD, Tomiyasu U, Scheibel AB. Progressive dendritic changes in aging human cortex.
Experimental neurology. 1975 Jun 1;47(3):392-403.

41.Bullock-Saxton JE, Wong WJ, Hogan N. The influence of age on weight-bearing joint reposition sense of the
knee. Experimental Brain Research. 2001 Feb;136:400- 6.

42.Mohammadi F, Taghizadeh S, Ghaffarinejad F, Khorrami M, Sobhani S. Proprioception, dynamic balance and
maximal quadriceps strength in females with knee osteoarthritis and normal control subjects.
International Journal of Rheumatic Diseases. 2008 Apr;11(1):39-44.

43.Barrett DS, Cobb AG, Bentley G. Joint proprioception in normal, osteoarthritic and replaced knees. The
Journal of bone and joint surgery. British volume. 1991 Jan;73(1):53-6.

44 Pickard CM, Sullivan PE, Allison GT, Singer KP. Is there a difference in hip joint position sense between
young and older groups? The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences. 2003 Jul 1;58(7):M631-5.

45.Henry JC, Kaeding C. Neuromuscular differences between male and female athletes. Current women's health
reports. 2001 Dec 1;1 (3):241 -4.

46.Macwan N, Parmar LD. Proprioceptive Impairments in OA Knee Patients. 2015 May;2(5):351-7.

47.Kumar A. Joint proprioception in normal and osteoarthritic knees. Journal of Yoga & Physical Therapy.
2012;2(4):1-4.

- 1696 - Available online at: https://jazindia.com


https://jazindia.com/

