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Abstract. [Purpose] The purpose of this study was to investigate the relationship of knee proprioception with 
muscle strength and spasticity in stroke patients. [Subjects and Methods] The subjects were 31 stroke patients. The 
subjects received an explanation of the procedures and methods and provided informed consent before the experi-
ment. A measurement board was used to determine the the proprioception deficit of the knee as a proprioception 
test. The proprioception test consisted of a passive and active angle reproduction test. A manual muscle test and 
modified Ashworth scale were used to evaluate knee muscle strength and spasticity level. The data were analyzed 
using an independent t-test and Spearman correlation. [Results] The results of this study revealed a significant 
difference between the affected side and non-affected side in the passive angle reproduction test and a significant 
difference in the correlation of the proprioception level with muscle strength and spasticity level. [Conclusion] 
This study indicates that the knee proprioception level is associated with spasticity and muscle strength in stroke 
patients.
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INTRODUCTION

A stroke is a disorder that results from a dysfunction in 
the brain anatomically due to problems in the cerebrovascu-
lar blood supply and vessel hemorrhage. Depending on the 
location and seriousness of the damaged in the brain, stroke 
patients can have sensory-motor dysfunction, propriocep-
tion deficits and hypertonus1).

The sensory-motor dysfunction in stroke patients in-
cludes not only muscle weakness and abnormal muscle tone 
but also proprioception deficits. Proprioceptiors such as the 
mechanoreceptor and free nerve ending, are found in the 
skin, facia, muscles, tendons, joint capsules, and ligaments. 
When active or passive movement occurs, receptors transmit 
the mobility information to the central nervous system2). 
The proprioception provides the angles and angular speed 
of every joint involved in body position or postural percep-
tion and movements. It plays the largest part in maintaining 
dynamic joint stability, induces normal movements, and 
protects joints from external damages3). If proprioception 
is degraded by a stroke, it could also undermine muscle 
strength, normal muscle tone, posture control, protective 
reflex ability, and joint motor ability. Clinically, the proprio-

ception level has emerged as an important assessment item 
used for stroke patient assessment clinically together with 
treatment procedures4).

In the months following an upper motor neuron (UMN) 
lesion in stroke patients, muscle tone increases as a result of 
changes within the muscle, producing excessive resistance 
to muscle stretch, which is usually called spasticity. When 
a UMN lesion interrupts descending motor commands, the 
lower motor neuron (LMN) is affected and becomes tempo-
rarily inactive. This condition is called cerebral shock, de-
pending on the location of the lesion. During nervous system 
shock, stretch reflexes cannot be elicited, and the muscles 
are hypotonic; that is, the muscles have abnormally low tone 
because facilitation of LMNs has been lost due to interrup-
tion of descending motor commands by a UMN5). Many 
stroke patients have a somatic sensory deficit and abnormal 
muscle conditions. The most important goal is restoration of 
somatic sensory function, as this can have a positive effect 
on abnormal muscle conditions.

The purpose of this study was to compare the proprio-
ception levels of knee joints between the affected and non-
affected sides in stroke patients and analyze the correlation 
of proprioception with muscle strength and spasticity level. 
The hypotheses were as follows: the knee joint propriocep-
tion in stroke patients will be different in their affected 
side compared with the non-affected side, and the loss of 
proprioception will be correlated with muscle strength and 
spasticity level.
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SUBJECTS AND METHODS

This study examined 31 patients with stroke selected from 
among the candidates who were receiving physical therapy 
services at S hospital in Daejeon, South Korea, and con-
sented to participate in this study. The criteria for selection 
of the study subjects were as follows: 1) patients who agreed 
to participate in this study experiment, 2) patients who could 
understand and follow a therapist’s instructions (those with 
an MMSE-K score of at least 24), 3) patients without any 
orthopedic or neurosurgical history in their ankle joint, hip 
joint, and lumbar spine, and 4) patients with no problems 
in range of motion in the knee joint. The research protocol 
was approved by the Research Ethics Committee for Human 
Research of Daejeon University, South Korea.

In this study, to evaluate the joint position sense on both 
affected and non-affected knee joints of stroke patients, the 
passive angle reproduction test was utilized, and to evalu-
ate the kinesthesia in both affected and non-affected knee 
joints of stroke patients, the active angle reproduction test 
was employed. The direction of movement during assess-
ment and assessment method were determined by randomly 
drawing ball marked with flexion and extension (movement 
direction), passive angle reproduction test, and active angle 
production test (assessment method), respectively.

Participants lay in the side-lying position, flexed slightly 
their hip joint comfortably, and flexed 70 degrees (for ex-
tension test) and extended 10 degree (for flexion test) their 
knee joint. A measuring board was used for subjects in this 
position. The flexion test started at 10 degree extension. The 
knee joints were moved by a tester to a target angle without 
any help. The flexion angles were set in advance at 50 and 
60 degrees6, 7). To exclude learning effects during the test, 60 
degrees was used in the active angle reproduction test if 50 
degrees was used in the passive angle reproduction test. The 
extension test was performed based on 90 degrees of flexion 
in the knee joints and started from 70 degrees of flexion. 
The subjects were instructed to allow a tester to move them 
passively to a target angle. In the active angle reproduction 
test, the subjects were instructed to move actively to the 
target angle. The angles were set at 20 and 30 degrees for the 
extension test. If 20 degrees was used in the passive angle 
reproduction test, 30 degrees was used in the active angle re-
production test. Both passive and active angle reproduction 
tests were done in the same position. A 10-minute break was 
given in between the tests. To block any visual information 
from patients, their eyes were covered with a shade during 
the tests. A tester caused passive movement by holding the 
patients’ ankle and upper part of their knee joint. The speed 
of these passive and active movements was one cycle/30 sec. 
The holding time for each target angle was 10 seconds so 
that the subjects could remember the position. After return-
ing to a starting position passively or actively, the subjects 
took a 5-second rest. During the passive angle reproduction 
test, the subjects said “stop” when they thought their knee 
joint flexion or extension reached the target angle. During 
the active angle reproduction test, the subjects moved to the 
target angles on their own.

The tester marked the results on the measuring board 
with a sticker and measured the angle with a goniometer. 

The measured angles were recorded as negative if they were 
smaller than the target angle and positive if they were larger 
than the target angle. Their absolute values were used for 
data analysis. Measurements were performed for 3 rounds in 
total, and the average values were recorded.

The affected-side knee muscle strength of the stroke pa-
tients was measured by manual muscle test. The subjects lay 
in a side-lying position for the flexion and extension muscle 
strength test. Before the test, the subjects were examined 
for any pain and were given a sufficient explanation about 
the measurement procedures. Muscle strength was recorded 
in 6 different grades. A higher score means better muscle 
strength8).

The Modified Ashworth Scale (MAS) was employed in 
this study to evaluate the spasticity level of the affected-side 
knee joint. The MAS expresses the degree of spasticity of 
patients with a damaged central nervous system. Its inter-
rater reliability is 0.75, a higher level9). The patients sat 
comfortably on the treatment stand, and the rater evaluated 
and recorded the spasticity in the flexion and extension di-
rections. The larger the number indicating spasticity grade, 
the more spasticity a patient would have.

The measurement data were statistically processed with 
PASW Statistics for Window Version 18.0. For the gen-
eral characteristics of the subjects, the average and standard 
deviations were calculated by using technical analysis. 
Spearman correlation analysis was employed to analyze the 
correlation of knee joint proprioception with muscle strength 
and spasticity in the stroke patients. The independent t-test 
was adopted to compare the difference in knee joint proprio-
ception between the affected and non-affected sides. The 
significance level was set at 0.05.

RESULTS

This study performed a knee joint proprioception test 
for 31 stroke patients and analyzed the correlation of the 
proprioception level with muscle strength and spasticity. 
Table 1 shows subjects’ characteristics such as gender, age, 
height, weight, onset and side of lesion. Comparison of the 
difference in proprioception levels in the knee joints on the 
affected and non-affected side in the stroke patients revealed 
the error angles for joint position sense in the flexion-direc-
tion 14.25 degrees on the affected side and 5.33 degrees on 
the non-affected side, representing a significant difference 
(p<0.01). For the extension direction, the error angles were 

Table 1.  General characteristics of the subjects (N=31)

Variables (unit) Subjects Mean±SD
Gender (male/female) 22/9
Age (years) 51.1±11.4
Height (cm) 164.2±7.3
Weight (kg) 66.9±12.1
Onset (years) >0.6 5

1<onset≥3 5
<3 21

Side of lesion (left/right) 16/15
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12.25 degrees on the affected side and 5.15 degrees non-
affected side, representing a significant difference (p<0.01). 
In both the flexion and extension directions, the affected 
sides were found to have a larger error angles in joint posi-
tion sense than the non-affected sides (Table 2).

The correlation of proprioception levels with muscle 
strength and spasticity in the stroke patients was analyzed. 
Muscle strength was found to have a negative correlation 
with the flexors and extensors with respect to joint position 
sense and the flexors with respect to kinesthesia. Spastic-
ity showed a negative correlation with joint position sense 
(p<0.05) (Table 3).

DISCUSSION

This study examined 31 stroke patients who had been 
hospitalized or received outpatient treatment by conducting 
active and passive angle reproduction tests and analyzed 
the correlation of proprioception with muscle strength and 
spasticity.

Proprioception is a sensory system that plays a key role in 
maintaining human body stability through motor control by 
integrating information from peripheral receptors in the cen-
tral nervous system10). Stroke patients collect information 
from peripheral receptors normally, but their central nervous 
system processes information abnormally, causing errors 
in original information11, 12). Proprioceptors are located in 
contractive tissues and non-contractive tissues. Previous 
studies reported that activation of contractive tissues com-
prising muscles, rather than non-contractive tissues such as 
ligaments and joint capsules, was more effective in treating 
a proprioception deficit13, 14). In addition, active movement 
rather than passive movement was said to increase proprio-
ception perception ability15, 16).

The results of this study showed a significant difference 
between the affected and non-affected sides in the passive 
angle reproduction test but not in the active angle reproduc-
tion test. This means that the errors were smaller in the active 
reproduction test, in which muscle receptors are activated, 
than in the passive reproduction test, in which muscle recep-
tors are not activated much.

Stroke patients have damage in the central nervous sys-
tem that could cause limb muscle weakness or hypertonus17). 
Kim and Ahn18) reported that for stroke patients, muscle 
strength was a significant factor determining movement 
and that therapy to improve muscle strength improving was 
more effective than therapy to reduce hypertonus. They also 
argued that to restore the sensory-motor system, muscle 
strength should be reinforced and spasticity should be re-
duced.

In this study, examination of the correlation of proprio-
ception with muscle strength and spasticity revealed a nega-
tive correlation with muscle strength in the passive angle 
reproduction test and a positive correlation with spasticity. 
This is because weaker muscle and higher spasticity gener-
ate larger errors, and this is consistent with previous studies.

This study is limited with respect to the ability to general-
ize its findings to adult stroke patients in general, as it only 
examined patients of a single general hospital who met the 
specific criteria for the study. Another limitation is the small 
number of subjects, as there were only 31 subjects in this 
study. Follow-up studies are needed to further study the ef-
fects of muscle strength exercise, gait, and balance exercises 
on proprioception of stroke patients.

In summary, 31 stroke patients were examined through 
a proprioception test on the affected and non-affected sides 
of the knee joint. Then their muscle strength and spasticity 
were analyzed for correlations. In comparison of propriocep-

Table 2. Comparison of proprioception between the affected and non-affected knee

Test type Direction Affected (n=31) Non-affected (n=31) Mean difference

PAR
Flexion 14.25±11.94a 5.33±4.76* 8.91±2.30

Extension 12.25±9.90 5.15±4.99* 7.10±1.99

AAR
Flexion 5.37±2.36 3.56±3.46 1.81±0.94

Extension 4.65±2.62 3.45±3.79 1.20±1.04
PAR: passive angle reproduction test (joint position sense); AAR: active angle reproduction test (kinesthesia)
aMean (error angle)±SD 
*p<0.01

Table 3. Correlation for coefficients the correlation of proprioception with muscle strength and spasticity in 
the affected knee

PAR AAR
Flexion Extension Flexion Extension

MMT
Flexor −0.836** −0.821** −0.521* −0.218
Extensor −0.847** −0.843** −0.411 −0.411

MAS 0.722** 0.708** 0.599 0.600
PAR: passive angle reproduction test (joint position sense); AAR: active angle reproduction test (kinesthe-
sia);
MMT: manual muscle test; MAS: Modified Ashworth Scale
*p<0.05, **p<0.01
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tion between the affected and non-affected knee joints, the 
affected side was found to have a significantly larger error 
than the non-affected side. In the analysis of the correlation 
of proprioception with muscle strength and spasticity, the 
spasticity levels and joint position sense showed a positive 
correlation, and muscle strength showed a negative correla-
tion.

In conclusion, this study reported that knee joint proprio-
ception deficits are associated with muscle strength and the 
spasticity level in stroke patients.

REFERENCES

1) Geiger RA, Allen JB, O’Keefe J, et al.: Balance and mobility following 
stroke: effects of physical therapy interventions with and without biofeed-
back/force plate training. Phys Ther, 2001, 81: 995–1005. [Medline]

2) Groen GJ, Baljet B, Drukker J: Nerves and nerve plexuses of the human 
vertebral column. Am J Anat, 1990, 188: 282–296. [Medline]  [CrossRef]

3) Docherty CL, Arnold BL, Zinder SM, et al.: Relationship between two pro-
prioceptive measures and stiffness at the ankle. J Electromyogr Kinesiol, 
2004, 14: 317–324. [Medline]  [CrossRef]

4) Edwards S: Neurological Physiotherapy: A Problem-solving Approach. 
New York: Churchill Livingstone, 1996, pp 22–32.

5) Lundy-Ekman L: Neuroscience: fundamentals for rehabilitation. Elsevier 
Health Sciences, 2013.

6) Jerosch J, Prymka M: Knee joint proprioception in normal volunteers and 
patients with anterior cruciate ligament tears, taking special account of the 
effect of a knee bandage. Arch Orthop Trauma Surg, 1996, 115: 162–166. 
[Medline]  [CrossRef]

7) Skinner HB, Barrack RL, Cook SD, et al.: Joint position sense in total knee 
arthroplasty. J Orthop Res, 1984, 1: 276–283. [Medline]  [CrossRef]

8) Mendell JR, Florence J: Manual muscle testing. Muscle Nerve, 1990, 13: 
S16–S20. [Medline]  [CrossRef]

9) Clopton N, Dutton J, Featherston T, et al.: Interrater and intrarater reliabil-
ity of the Modified Ashworth Scale in children with hypertonia. Pediatr 
Phys Ther, 2005, 17: 268–274. [Medline]  [CrossRef]

10) Riemann BL, Lephart SM: The sensorimotor system, part I: the physi-
ologic basis of functional joint stability. J Athl Train, 2002, 37: 71–79. 
[Medline]

11) Kauffman T: Impact of aging-related musculoskeletal and postural chang-
es on falls. Top Geriatr Rehabil, 1990, 5: 34–43.  [CrossRef]

12) Song BK, Chung SM, Hwang BY: The effects of somatosensory training 
focused on the hand on hand function, postural control and ADL of stroke 
patients with unilateral spatial neglect and sensorimotor deficits. J Phys 
Ther Sci, 2013, 25: 297–300.  [CrossRef]

13) Bouët V, Gahéry Y: Muscular exercise improves knee position sense in 
humans. Neurosci Lett, 2000, 289: 143–146. [Medline]  [CrossRef]

14) Choi YK, Nam CW, Lee JH, et al.: The effects of taping prior to PNF 
treatment on lower extremity proprioception of hemiplegic patients. J Phys 
Ther Sci, 2013, 25: 1119–1122. [Medline]  [CrossRef]

15) Swanik KA, Lephart SM, Swanik CB, et al.: The effects of shoulder plyo-
metric training on proprioception and selected muscle performance char-
acteristics. J Shoulder Elbow Surg, 2002, 11: 579–586. [Medline]  [Cross-
Ref]

16) Ko TS, Lee SM, Lee DJ: Manual therapy and exercise for OA knee: effects 
on muscle strength, proprioception, and functional performance. J Phys 
Ther Sci, 2009, 21: 293–299.  [CrossRef]

17) Yelnik A, Albert T, Bonan I, et al.: A clinical guide to assess the role of 
lower limb extensor overactivity in hemiplegic gait disorders. Stroke, 
1999, 30: 580–585. [Medline]  [CrossRef]

18) Kim JM, Ahn DH: Movement dysfunction in spastic hemiparesis: a prob-
lem of spasticity or muscular weakness? Phys Ther Kor, 2002, 9: 125–135.

http://www.ncbi.nlm.nih.gov/pubmed/11276182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2371968?dopt=Abstract
http://dx.doi.org/10.1002/aja.1001880307
http://www.ncbi.nlm.nih.gov/pubmed/15094145?dopt=Abstract
http://dx.doi.org/10.1016/S1050-6411(03)00035-X
http://www.ncbi.nlm.nih.gov/pubmed/8861583?dopt=Abstract
http://dx.doi.org/10.1007/BF00434546
http://www.ncbi.nlm.nih.gov/pubmed/6481511?dopt=Abstract
http://dx.doi.org/10.1002/jor.1100010307
http://www.ncbi.nlm.nih.gov/pubmed/2233877?dopt=Abstract
http://dx.doi.org/10.1002/mus.880131307
http://www.ncbi.nlm.nih.gov/pubmed/16357682?dopt=Abstract
http://dx.doi.org/10.1097/01.pep.0000186509.41238.1a
http://www.ncbi.nlm.nih.gov/pubmed/16558670?dopt=Abstract
http://dx.doi.org/10.1097/00013614-199001000-00006
http://dx.doi.org/10.1589/jpts.25.297
http://www.ncbi.nlm.nih.gov/pubmed/10904140?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3940(00)01297-0
http://www.ncbi.nlm.nih.gov/pubmed/24259927?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1119
http://www.ncbi.nlm.nih.gov/pubmed/12469083?dopt=Abstract
http://dx.doi.org/10.1067/mse.2002.127303
http://dx.doi.org/10.1067/mse.2002.127303
http://dx.doi.org/10.1589/jpts.21.293
http://www.ncbi.nlm.nih.gov/pubmed/10066855?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.30.3.580

