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Abstract

Background: Sensorimotor dysfunction such as muscle weakness, impaired sensation, changsslén
tone, reduced movement control are common in stroke patients. Locomaiiioriurequires continuous
afferent sensory input. Impairment of sensory function can hinder tlity @b recruit muscles during
walking. Patients generally walk slowly, cadence, step and stride length are ahdrtbe double phase of
support increases.

Goal: Analyzing the correlation between the propioceptive function of the knee joint anohgvapeed in
post-stroke patients, who are treated at the PMR Outpatient Clinic of Dr. So&eneral Academic
Hospital Surabaya.

Methode: An observational analytic cross sectional study, nine subjects measured wadedy( EpMWT),
joint position sense (JPS) and threshold to detetction of passive motion (TT&@RM knee joint, in the
period March - November 2020..

Results: There is a moderate correlation between 10MWT and JP®ri%he non-paretic side (r 0.676;
p=0.045) and JPS 3mn the paretic side (r 0.668; p=0.049). And there is a stronglaton between
10MWT and JPS 60on the paretic side (r 0.824; p=0.006). However, there is no is@mifcorrelation
between 10MWT and TTDPM.

Conclusion: There is correlation between the propioceptive function of the knee joinhamnalking speed
of post-stroke patients. The smaller the percentage of joint position #reostronger the correlation with
walking speed.

Keywords: 10 meter walking test; joint position sense; thresholdetection of passive motion; knee joint; proprimam; stroke

1. Introduction

Stroke is a neurological deficit cause sensorimotor dysfunction such as meesf@ess, impaired
sensation, changes in muscle tone, reduced control of movement is mamstimke patients (Zorowitz et al,
2015; Coupland et al, 2017; Sader et al, 20T& frequency of sensory deficits up to 50% occurs in the
acute phase of stroke, and up to 25% occurs in the chronic phasey(darvE&lliot, 2008). Impaired motor
control is a frequent manifestation and plays a role in decreasing the abaigyktoThe first six weeks40%
survivor have severe motor weakness that limits walking (Sullivan, 2009; Sadef6é1 8).

The human walking normal pattern shows repetitive characteriaicgait cycle. The pattern of
acceleration and deceleration is precisely regulated by the anti-gravity muscles (Peassvyglzm B)10;
Joseph dan Benjamin, 2019). If its abnormal is depends on the ayesiroflamage and the affected systems
such as the motor, sensory, balance, perceptual coordination and viselmiss{Bassile et al., 2016). They
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walk slowly, cadence, step and stride length are shorter and the douldet piygse is increased (Hausdorff
dan Alexander, 2005; Sader et al., 2018).

The goals of stroke rehabilitation are to achieve a maximal level of indepeadiyrity, facilitate
neurological recovery, minimize disability, and reintegrate back into society. Thate aan be achieved
through exercises and therapies (Stein dan Brandstater, 2010; Lloyd A etl1&), @alking requires
voluntary motor function, especially hip extensor muscle group. These stabiizhip in an extended
position, and stabilize the knee extended by pulling theédhigack (Anderson, 1990; Dubey et al., 2018). The
knee muscles is need to be trained, act as are the flexor and extesstesnofi the knee joint (Flansbjer,
2006).

In the terminal swing phase, stroke patient have inability to extend thes@rtbat foot is in contact with
the floor when the knee is flexed, there will be a decrease in théestgh of the paretic side (Bassile et al.
2016). Normal person’s EMG recording on knee muscle activity shows a percentage of 45% in the knee
extensor muscle group and 35% in the knee flexor muscle group (PeaBewdger, 2010). The knee muscle
contraction has eccentric contractions and concentric contractions in certain g@ses piKerrigan dan
Edelstein, 2001). There is not clear what contributes to the decreased ability tfteratk stroke (Flansbjer,
2006 Fujita et al., 2018

Impairment of sensory function can impede the recruitment ability of thelesusuring walking. Patients
tend to be slower in achieving functional ability and fail to achieve optimal recoResearch evidence
shows that tactile sensation and joint position sense (JPS) have different roles ifirgpldcomotion. There
are studies that assess changes in proprioceptive function in normal peopleystiamiges in gait patterns.
Animal studies have shown that impaired knee position sensation is associated withrewraitment during
walking (Lin, 2005). This study was conducted to measure the correlagiwveen knee joint proprioceptive
function and walking speed of post-stroke patients, may it be used as thi@bapjsropriate interventions to
therapy of post-stroke patients.

2. Methode and Materials

2.1 Subject

The subjects of subacute and chronic stroke were 9 people in the PMR Outpatienf@iniSoetomo
General Academic Hospital Surabaya between March 2020 to November 2020cllibrincriteria are as
follows: (1). Age 30-60 years, (2). Sub acute and chronic stroke ph@ednitial attackof stroke or
repetition, (4). Able to walk with/or without a walker at least 10 meters, (5). Atfldltav and understand
simple verbal instructions, (6). Functional hearing and vision, (7). Modifisdorth Scale spasticity
maximum score of 2 on knee flexor and extensor musclesWifling to sign an informed consent. The
walking speed is measured using 10 meter Walk Test (10m-WT), conststrdbrtable walking speed
(CWS) and fast walking speed (FWS) with results in meters/second.

2.2 Joint Position Sense (JPS)

The subject was in a sitting position with the knee free on flexion and exteasétrap was attached to
the distal tibia connected to the dynamometer arm. The patient will feel the knee gitioinpat 1%, 3¢ and
6 flexion angles, then perform five leg repositions at that angle with eyes cldsedifference between the
target angle and the joint repositioning angle (absolute error/AE) is calculatedraesiégbsolute error
normal value: 2.9.
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2.3 Threshold to detection of passive motion (TTDPM)
The subject was in a sitting position with the knee free of flexion andsatera strap was attached to the
distal tibia connected to the dynamometer arm. Subjects were asked to press the staghleatthey felt the
knee joint movement generated by the machine at a speed of 10 per. §¢eoldDPM value is the duration
of the subject can feel the movement of the knee joint in seconds. It veageed times, the average value
was taken. Examination was performed on both paretic and non-paretic (valoealfor TTDPM: 2.54

seconds).
3. Results

Table 1. Subject Characteristics

Characteristics n Min Max Mean+SD p
Age (year) 9 30 57 46,31£10,3 0,091
Gender
Male 5 (55,6%) - - -
Female 4 (44,4%) - - -
Infarct stroke 7 (77,8%) - - -
Haemorrhagic stroke 2 (22,2%) - - -
Onset Stroke (months) 9 2,5 48 15,2+19 0,001
> 6 month 5(55,6%) 2,5 4 3,1+0,7 0,224
< 6 month 4(44,4%) 10 48 22,7+20,8 0,063
Right Hemiparese 3 (33,3%)
Left Hemiparese 6(66,6%)
BMI (kg/m?) 20,2 31,3 24,5+3,68 0,308
MMT knee flexor 3 4 3,55+0,52 0,000
MMT knee extensor 3 4 3,67+0,5 0,000
Description: significance of p <0.05 using the normatist with Saphiro-Wilk
Tabe 2. Absolute Error of Joint Position Sense
AE JPS 18 P AEJPS 30 P AEJIPS 60 P
(MeanzSD) (MeanxSD) (MeanzSD)
Paretic 4,06+4,79 0,029 6,82+3,71 0,450 6,03+4,22 0,677
Non-Paretic 6,33+4,93 0,046 6,68+3,86 0,005 6,84+5,75 0,389
Description: significance of p <0.pBormality test with Saphiro-Wilk
Table 3 Absolute Error of TTDPM
AE TTDPM (seconds) p
(MeanzSD)
Paetic 8,92+6,46 0,155
Non-Paréic 5,9643,72 0,693

Description: significance of p <0.05, normality testhwaphiro-Wilk
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Table 4 Comparation of TTDPM based on stroke onset

AE TTDPM (seconds)

Stroke onset

pardic p non-pareic p
<6 month 12,2+6,5 0,473 7,35+4,3 0,625
> 6 month 4,72+3,4 0,013 4,22+2,1 0,503

Description: significance of p <0.0Bormality test with Saphiro-Wilk
Table 5 shows the measurement of walking speed using the 10 meter walketiestl,Mmeasuring
comfortable walking speed (CWS) and fast walking speed (FWS). Correlation téswval&éng speed data
with an average value of 0.69+0.27 meter/second.

Table 5 Walking speed of stroke

CWS FWS Walking speed
(MeanxSD) P (MeanzSD) P (Mean+SD) P

Speed
(meter/seconds 0,57i0,25 0,157 0,81i0,32 0,173 0,69i0,27 0,117

Description: significance of p <0.05 using the normatst with Saphiro-Wilk

Table 5 shows a moderate and strong correlation between walking speed ahdudR8gle of 1%5on the
non-paretic side of the leg and JPS at an angle 6&8d 60 on the paretic side with significant values (p <
0.05). For other variables did not show a significant correlation (p >.0.05)

Table 5 Correlation between JPS and TTDRMValking speed

average walking speed

Variable
r P

AE JPS 18 paretic 0,214 0,580
AE JPS 18non- paretic 0,676 0,045*
AE JPS 30 paretic 0,668 0,049*
AE JPS 30non- paretic 0,371 0,325
AE JPS 60 paretic 0,824 0,006*
AE JPS 60non paretic 0,556 0,120
AE TTDPM paretic -0,520 0,151
AE TTDPM non- paretic -0,289 0,451
*p <0.05
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Table 6 Correlation between TTDPM to Walking speed

average walking speed

Variable :
correlation p
AE TTDPM paretic € months -0,700 0,188
AE TTDPM non-paretic 8 months -0,669 0,217
AE TTDPM paretic >6 months 0,600 0,400
AE TTDPM non- paretic > 6 months 0,943 0,057

The differenceof relationship between JPS and TTDPM was analyzed by paired t-test with a significance
of p<0.05, a strong correlation was obtained between AE JP$asétic side and AE TTDPM paretic side
with r=-0.685 (p=0.042).

Table 7 shows a moderate effect size between JPPatéic side and non-paretic TTDPM, but others
variables have small effect sizes.

Tabe 7 Effect size between JPS and TTDPM

AE TTDPM AE TTDPM
paretic nonparetic
d d

AE JPS 18 paretic -0,533 -0,336
AE JPS 18non-paretic -0,217 -0,119
AE JPS 30 paretic -0,223 0,129
AE JPS 30non-paretic -0,375 -0,138
AE JPS 60 paretic -0,310 0,012
AE JPS 60non-paretic -0,202 0,119

Description: d= effect size using Cohen' d foamul

4. Discussion

Table 2 shows the absolute error of JPS in the study more tifamodh5at knee flexion angles of 130
and 60. Both sides have the same error value of ab®ugx&ept the paretic side when the knee is flexed at an
angle of 18 which has an error value of.4n percentage terms, there are errors up to 26.7% and 42.2% at an
angle of 18, 22.2% and 22.7% at an angle of°2thd 10% and 11.4% at an angle of.6Research by
Buchanan (2019) explains that compared to healthy people, stroke patientsnsheased joint position
errors and variability during active matching. There is also a proprioceafefigt on the non-paretic side.
This should not happen because the knee joint is controlled by a heattigphere of the brain. Research by
Piriyaprasarth et al determined the number of repetitions of the knee joint propdn@gsessment, finding
that the contralateral limb (non-paretic) also experienced an error of up % (Bi6/aprasarth et al., 2009).

Chronic stroke patients experience postural instability which results in asymrhboglyoloading towards
the non-paretic side (de Kam et al., 2017). Research by Sub Kim et al exarhserddrs without hemiplegia
and 12 seniors with hemiplegia measured by vertical ground reaction @@ateeobtained that the support
moment decreases on the paretic side and increases on the non-paretic sidettethipn knee and ankle
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joints (Kim and Kim, 2016). Imbalance of loading on joints can inergast wear and tear. A study by
Aderibigbe et al examined the knee joint sonography of 48 stroke pat@nisgared to 26 healthy subjects.
The findings of joint soft tissue arthritis, medial and lateral cartilage thickeninigeofemur, bone border
irregularities on both the paretic and non-paretic sides (Aderibigbe et al., 202@)dy by Al-Dadah et al
conducted an assessment of proprioceptive function in 50 patients with articular edesiags of the knee
joint and found a proprioception deficit compared to the control grodptendeficit was also found on the
healthy side of the knee (Al-Dadah et al., 2020). In this studyoiieposition error was relatively larger than
the non-paretic side. This can be explained that the knee joint on the headtis/midrloaded and affects the
occurrence of knee osteoarthritis which can result in a greater proprieceefivit than the paretic side.

Table 3 shows the TTDPM error value in the study more than 4 seconds, gvitater error value on the
paretic side than on the non-paretic side. This shows a sign of a deficipimopeptive function in the knee
joint (Buchanan, 2019). Research by Neissen et al. (2008) found thakia gattients there was a deviation in
the TTDPM value, with the error on the paretic side being greater than on tipamstic-side.

Subjects showed a lower walking speed than healthy people. Healthy person wspéeédghad an average
value of 1.13 meters/second, while in this study the average walking speed6®#8.27 meters/second.
Comparedo Whittle (2007), this value is also still lower than the walking speed ofemceged 65-80 years.
Sader et al (2018) conducted a meta-analysis of gait in stroke patientsubdbate phase, it was found that
the prevalence of gait disorders was up to 63.6% with an average walkinh$pg@84 meter/second or a
decrease in speed of more than 70% normal walking speed.

Table 5 shows a moderate correlation between JP®idibparetic side (r=0.676; p=0.045) and JP$ 30
paretic side (r=0.668; p=0.049) with an average walking speed. There isqirogiation between JPS%0
paretic side (r=0.824; p=0.006) and the mean walking speed. Hwang eR0&D) (assessed knee
proprioception at flexion of 30and 60 using an isokinetic dynamometer and stated that this assessment is
useful for the diagnosis and proprioceptive monitoring of the kvieé in hemiplegic patients due to brain
injury. The study compared 30 healthy subjects with 24 hemiplegic subjectgyjrateése joint position of
30° and 60, and detected passive motion using an isokinetic dynamometer. The resytdprioceptive
deficit on the paretic side and on the non-paretic side.

The research findings showed that af kBee flexion, the non-paretic side actually experienced a larger
error than the paretic side (42.2% compared to 26.7%), and had a modemtionrwith walking speed.
This information can help clinicians to be aware that proprioception deficiteokesatients can also occur
on the healthy side (Hwang et al., 2010). In healthy people thejéim:experiences PHlexion during the
loading response and mid-stance phases. This phase plays a role in contiatacgeleration of the body
forward and lowering the center of gravity so that it can reduce energy éwperehd the stance phase
becomes efficient (Kerrigan and Edelstein, 2001). Patients with hemiplegic gait will experienc
hyperextension of the knee joint when walking in the mid-stance phase, becthesading response phase
the knee joint on the paretic side remains extended (no knee flexib8)oéven though an ankle rocker
occurs (Bassile and Hayes, 2016

Healthy persots knee joint ha8s(®-45° flexion during the pre-swing phase. In this phase, the knee joint
changes very quickly from almost full extension in the heel-off phafiexion to close to 40during the toe-
off phase (Kerrigan and Edelstein, 2001). Whereas in stroke patieats diyperextension during the mid-
stance phase, the knee joint becomes less flexed when entering the pre-swing psiasetheatoe clearance
condition to be not optimal, so the swing phase is not efficient. Furthermorenebegoint enters the mid-
swing phase so that the knee is flexed up fo(6arr and Roberta, 2003; Bassile and Hayes, 2016).

The mid-swing phase will take place quickly until the knee is flexed ab8uTh flexion facilitates foot
clearance and leg acceleration to immediately enter the terminal swing phase, so thtintilestep length
can be achieved. In this study, there was a strong relationship between’ 3@ @@lking speed. From the
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knee joint kinematics when walking, it can be seen that there is a correlatiorebéhgeangle of the joint
position and the walking speed of post-stroke patients. The researchtbhote smaller the percentage of
error in the joint position, the stronger the correlation with walking speed.

Table 5 also shows no significant correlation value between TTDPM and walking speeth dhe paretic
(r = -0.520; p= 0.151) and non-paretic (r = -0.289; p= 0.484 shows that the larger the TTDPM error, the
slower the running speed. In stroke patients, proprioceptive disturbecmaswith superficial lesions in the
cerebral cortex, while proprioceptive receptors and peripheral afferent pathwagtillantact. So in stroke
patients the increased time to detect knee joint motion is due to impaired centrasipgpoé proprioceptive
input. Gait as a reciprocal movement, requires coordination of sensory impotador output. Slow sensory
input (proprioception) can interfere with muscle contractions required fdrambion at certain phases of the
gait (Bassile and Hayes, 2016).

The insignificant correlation can be caused by several influencing factoexdmple because the variable
assessed is walking speed, which is a complex movement involving manprantg of muscles, joints,
balance, visual and nervous system. While in this study only focuseohaaly segment (knee joint) and also
only proprioceptive measurements. In addition, research measurement techrégals® used. Research by
Piriyaprasarth et al showed that at least 10 measurements of positive function wedeozdrso as not to
increase the percentage of error. In this study, the JPS and TTDPMremasts were carried out with five
repetitions (Piriyaprasarth et @2009.

Table 6 shows no significant correlation between walking speed and TTDPM bastdkenonset (les
than 6 months and more than 6 months). The correlation was negative atehefoREDPM less than 6
months, suggesting that the duration of detection of passive knee motissoigated with slower walking
speed. If it has been more than 6 months the body quickly recognizes pasgvaovements associated with
increased walking speed

Based on table 4, the detection of passive motion of the paretic side of theikh&k@s longer than the
non-paretic side at stroke onset of less than 6 months, and both sidelsostilekngation because it takes
more than 4 seconds. The data also shows changes in motion detection tioaehapgrnormal values at
stroke onset of more than 6 months on both paretic and non-pédesc¢ although the TTDPM value is still
more than 4 seconds. Semrau et al. conducted a proprioception examtatdmed a deficit of up to 48%-
68% which was then assessed at 6 weeks, 12 and 26.\Resksvery of proprioception which is grouped into
early, late and incomplete recovery (Semrau et al., 2015). While theergogivmotor function during the
first 6 weeks after stroke, most patients can regain the ability to walk, butdadfl% experience severe
motor weakness that limits the ability to walk functionally (Sullivan, 2009; Sader ed:8).2

The study also found a strong correlation between AE JPS 30 paretic sidd antDPM paretic side
with r= -0.685 (p=0.042). The negative correlation means that the smallirthposition error at 39 the
greater the time error required to detect passive knee joint motion. CotatliddPS 30 paretic side also
correlated (moderately) with walking speed (Table 5). Healthy people walking, Gimeeflg¢xion of 3@
occurs in the swing phase, at the initial and mid-swing phases, while in gatiets there is limited flexion
(less than 3. As a result, stroke patients cannot perform sufficient clearance and compensatip with
circumduction movements to move forward (Bassile and Hayes, 2016). A stu@grst et al. (2019) found
that 19% of chronic stroke patients had impaired proprioception in the AGB ffhated the ability to
mobilize. The study also revealed that two-point discrimination deficits were more donibidb)
influencing gait and balance in stroke patients.

The findings in this study are in line with the study by Fuijita et al.qR@ich stated that proprioception
and knee extension strength were related to gait in stroke patients. Thevatuclynducted retrospectively on
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108 stroke patients and analyzed the relationship between knee extensioth,sgengpry function and
walking ability. This study is different from the study by Li et al. {Dwhich also found a non-significant
correlation between motion detection and knee joint position detection. Theaskehlsed 30 healthy people,
measured using the joint angle reset method, motion minimum threshold emeesurand force sense
reproduction method on the knees and obtained a correlation coefficied®of 0.

Based on Table 7, the effect size between JPS and TTDPM is greatest for the vaEali&s 18 and AE
TTDPM on the paretic side. The research findings show that the largest absautelssrroccurs in the
TTDPM variable (Table 4). Knee flexion of 4k normal gait occurs during the mid-stance phase, which has
benefits for the absorption of force immediately after the heel strike anisdoaasponse, and also shortens
the body's center of mass, which is beneficial for energy conservation duaiking. However, stroke
patients experience hyperextension in the mid-stance phase, causing prglbagedand slower walking
speed.

The limitation of this study are proprioception assessment is only carriednotlite knee joint, while
walking involves the hip and ankle, so measurements should also be taletartine the relationship with
walking speed. The study also did not assess the condition of the knelecjoirg the examination, which
might affect proprioceptive function, for example the condition of kasteoarthritis.

5. Conclussion

There is correlation between knee joint JPS and walking speed of post{satents. However, there is no
correlation between knee joint TTDPM and walking speed of post-stroke palibetsesults showed that the
greater the time needed to detect knee joint motion, the lower the wafléeg of post-stroke patients. The
study also found a difference between the relationship between JPS and TTDBRM laofee joint with
walking speed of post-stroke patients.
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