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Abstract
Purpose  Theoretically, proprioceptive acuity could decrease in patients with knee osteoarthritis. However, there have been 
conflicting results in terms of proprioceptive deficit in osteoarthritic knees. The purpose of this systematic review and meta-
analysis was to compare knee proprioception between osteoarthritic and healthy control knees.
Methods  Studies comparing proprioception in osteoarthritic and healthy knees of age-matched control group using thresh-
olds to detect passive motion (TTDPM) or joint position sense (JPS) tests were identified. JPS was assessed by measuring 
the reproduction of passive positioning (RPP) or active positioning (RAP) of the knees.
Results  Seventeen studies were finally included in this meta-analysis. The pooled results of the analyses of the TTDPM for 
both 30° and 45° knee flexion showed that the mean angle of error was 0.83° greater (95% confidence interval: 0.44 to 1.23°; 
p < 0.001) in the osteoarthritic knees than in control knees. The pooled data of the RAP and RPP also showed that the mean 
angle of error was 1.89° greater in the osteoarthritic knees than in the control group. The mean difference in the angle of 
error between the osteoarthritic knees and control group was 1.06° greater in the JPS test than in the TTDPM (p < 0.001).
Conclusion  The knee proprioceptive acuity of the patients with knee osteoarthritis was poorer than that of the patients with 
unaffected knees in the age-matched control group both in terms of the TTDPM and JPS; clinical relevance of these deficits 
needs to be clarified in further studies.
Level of evidence  Meta-analysis, Level II.

Keywords  Knee · Osteoarthritis · Proprioception · Threshold to detection of passive motion · Joint position sense

Introduction

Knee joint osteoarthritis could destroy the joint articu-
lar cartilage and change the soft tissue structures around 
the knee joint, including the joint capsule [45], muscles, 
and tendons, where the mechanoreceptors are located 
[2, 16, 46]. Mechanoreceptors are well known for their 
involvement in knee joint proprioception, which encom-
passes the sense of joint position and sense of joint motion 
[39], because these senses are particularly derived from 
afferent neural inputs arising from the mechanorecep-
tor in the joints, muscles, tendon, and associated tissues. 
Theoretically, proprioceptive acuity could decrease in 
patients with knee osteoarthritis [40, 44, 51]. However, 
previous studies [22, 31, 37] have yielded conflicting 
results regarding whether a proprioceptive deficit occurs 
in osteoarthritic knees, with some studies finding a sig-
nificant deficit, but others reported similar proprioception 

Sung-Sahn Lee and Hyun-Jung Kim contributed equally to the 
work.

 *	 Dae‑Hee Lee 
	 eoak22@empal.com

	 Sung‑Sahn Lee 
	 sungsahnlee@gmail.com

	 Hyun‑Jung Kim 
	 moole02@naver.com

	 Donghee Ye 
	 bananakicknow@gmail.com

1	 Department of Orthopaedic Surgery, Ilsan Paik Hospital, 
Inje University School of Medicine, Goyangsi, Gyeonggido, 
Korea

2	 Department of Preventive Medicine, Korea University 
College of Medicine, Seoul, Korea

3	 Department of Orthopaedic Surgery, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, 81 
Irwon‑ro, Gangnam‑gu, Seoul 06351, Korea

http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-020-03418-2&domain=pdf


356	 Archives of Orthopaedic and Trauma Surgery (2021) 141:355–365

1 3

in osteoarthritic knees compared with unaffected knees 
of an age-matched control group. In addition, the lack of 
a standardized method of measuring the proprioceptive 
acuity has made it difficult to conclude on the propriocep-
tive deficit of patients with osteoarthritic knees by pool-
ing the data of previous studies. Further, it is difficult to 
compare the results obtained in various studies directly, 
although the threshold to detect passive motion (TTDPM) 
has been widely used as a measure of sense of joint move-
ment, and reproduction of active joint repositioning (RAP) 
and reproduction of passive joint repositioning (RPP) have 
been frequently used to test joint position sense (JPS) [3, 
11, 28, 30, 31, 37, 51].

Therefore, the purpose of this study was to determine 
whether the proprioceptive acuity is actually less in osteo-
arthritic knees compared with that in unaffected knees of the 
age-matched healthy control group. In addition, this study 
evaluated whether the proprioceptive deficit would vary on 
the basis of the method of proprioception measurement, such 
as the TTDPM measured between 30° and 45° knee flex-
ion and the JPS test conducted between passive and active 
repositioning. It was hypothesized that the proprioception in 
patients with osteoarthritic knees would decrease compared 
with that in the patients with unaffected knees in the control 
group with a similar age, regardless of the method used to 
measure knee proprioception.

Materials and methods

Literature search

The study design was based on the Cochrane Review Meth-
ods. We conducted this study according to the guidelines 
of the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-analyses, S1 PRISMA Checklist) 
statement. The study protocol was published online at the 
PROSPERO International Prospective Register of System-
atic Reviews (https​://www.crd.york.ac.uk/PROSP​ERO) 
under registration number CRD42018086249. Multiple 
comprehensive literature databases, including MEDLINE® 
(January 1, 1976–June 30, 2019), EMBASE® (January 1, 
1976–June 30, 2019), and Cochrane Library (January 1, 
1976–June 30, 2019), were searched for studies that com-
pared the proprioception using the TTDPM and JPS test 
between patients with knee osteoarthritis and control groups 
without knee pain. There were no restrictions on the year of 
publication. The search terms used were the MeSH terms 
“knee”, “osteoarthritis”, and “proprioception”, and the indi-
vidual corresponding free terms. Relevant articles and their 
bibliographies were searched manually following the initial 
electronic search.

Study selection

Two reviewers evaluated the titles and abstracts of the 
obtained articles and selected relevant articles for full 
review. If the abstract did not provide sufficient data to 
make a decision, the full text of the article was reviewed 
[20, 47]. Studies were included in the meta-analysis if (1) 
they dealt with patients with knee osteoarthritis; (2) they 
directly compared proprioception between osteoarthritic 
knees (diagnosed by American Rheumatism Association 
(ACR) criteria [1] for knee osteoarthritis) or knees with 
joint pain of Kellgren–Lawrence grade [26, 38] (K–L) 
grade 2 or higher and knees from a healthy age-matched 
control group (defined as healthy subjects with no history 
of pain in the knee joint and K–L grade 0 or 1); (3) they 
regarded comparisons of the TTDPM and/or JPS, and (4) 
the sample number, means and standard deviations were 
fully reported in their study.

JPS measurements are composed by two different meth-
ods—reproduction of passive positioning (RPP) and active 
repositioning (RAP). The RPP is measured using an electro-
goniometer. The subject’s knee was placed at predetermined 
angle. The subject was ordered to remember that target posi-
tion. The limb was passively moved to the predetermined 
angle. The subject was then instructed to stop the assessor 
when the limb returned to targeted position. On the other 
hand, in the RAP measurement, the knee joint was passively 
placed to predetermined angle by the examiner instead of by 
the electrogoniometer, and then the subject was ordered to 
reproduce predetermined angle actively. The JPS was quanti-
fied by angle difference between targeted and indicated by 
the subject. TTDPM is angle between starting position and 
halted position which the subject feels motion of their knee, 
measured digitally by electrogoniometer.

Data extraction

Two reviewers independently recorded data from each arti-
cle using a predefined data extraction form. If there were dis-
crepancies between the two reviewers, they were solved via 
a discussion. The variables extracted included the following: 
(1) mean and standard deviations of the TTDPM, reproduc-
tion angle error of the knee joint compared with that of the 
predetermined knee position in patients with osteoarthritic 
knees and control groups without radiographic knee osteo-
arthritis; (2) demographic data including age and sex and 
sample size of each osteoarthritis and control group; (3) 
knee joint angles and angular velocity when obtaining the 
TTDPM and predetermined target angle in the reproduction 
angle of the knee joint; (4) study type (e.g., prospective or 
retrospective comparison studies).

https://www.crd.york.ac.uk/PROSPERO
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Assessment of methodological quality

Two reviewers independently assessed the methodological 
quality of each study using the Newcastle–Ottawa Assess-
ment Scale [53], which is designed to appraise the quality 
of non-randomized studies. It consisted of three domains: 
selection, comparability, and outcome. For the selection 
(four numbered items) and outcome (three numbered items) 
domains, each assessed study could be given a maximum of 
one star for each numbered item. For the comparability (one 
numbered item) domain, a maximum of two stars could be 
given. A maximum of nine stars can be awarded. Studies 
with scores of  ≥ 7, 5–7, 3–5, and 0–2 were considered to 
have good, fair, poor-fair, and poor qualities, respectively. 
Any unresolved disagreements between the reviewers were 
resolved via a consensus.

Statistical analysis

Statistical analysis of the TTDPM and JPS measurements 
between the osteoarthritic knees and control knees was 
performed. To pool primary outcomes of included studies, 
random-effects meta-analyses were used by estimating the 
weighted mean differences and 95% confidence intervals 
(CIs) in the JPS and TTDPM between two groups. The I2 
statistic was calculated to present heterogeneity by estimat-
ing the proportion of between-study inconsistencies. All 
statistical analyses were performed using the RevMan ver-
sion 5.2 and Stata/MP 13.0. The risks of bias (low, high, or 
unclear) were independently assessed by two investigators. 
Publication bias was also assessed using funnel plots and 
the Egger’s test. To test for the potential bias effect of demo-
graphic data, meta-regression analyses were performed for 
evaluating the affection of different demographic data (age 
and sex) of including studies on the differences of TTDPM 
and JPS.

Results

Identification of studies

Figure 1 shows the details of the study identification, inclu-
sion, and exclusion. The electronic search yielded 178 stud-
ies in the PubMed (MEDLINE), 327 in the EMBASE, and 
61 in the Cochrane Library databases. Three additional 
publications were identified via manual searching. After 
removing 196 duplicates, 373 studies remained: of these, 
340 were excluded upon reading the abstracts and full-text 
articles, and an additional 16 studies were excluded, since 
they did not have usable information which were only meas-
ured proprioception other than the TTDPM or JPS, or did 
not compare the proprioception of the age-matched control 

group. After applying these criteria, 17 studies were finally 
included in this meta-analysis.

Study characteristics and patient populations

The 17 included studies evaluated 327 patients with knee 
osteoarthritis and 333 control subjects with unaffected 
knees who underwent proprioception measurement using 
the TTDPM or JPS test. All 17 included studies were pro-
spective comparative studies. Seven studies measured the 
TTDPM, and 10 measured the JPS. Of the seven studies 
that measured the TTDPM, two measured the TTDPM at 
a knee flexion of 30°, and five measured the TTDPM at a 
knee flexion of 45°. Of the ten studies that measured the 
JPS, eight measured the reproduction of active positioning 
(RAP), and two measured the reproduction of passive posi-
tioning (RPP) (Table 1).

Quality appraisal and publication bias

Of the 17 studies, eight were found to be of a good quality, 
with five having eight stars and three having seven stars. The 
remaining nine studies were of a fair quality, with seven hav-
ing six stars and two having five stars (Table 1). Publication 
bias was analyzed by assessing the JPS because it was the 
only parameter that was evaluated in more than ten studies. 
Except for two studies that were skewed to the right, the 
funnel plots showed that the weighted mean differences in 
the angle of error in the JPS between the osteoarthritic and 
unaffected knees were relatively symmetric, indicating a lack 
of publication bias (Fig. 2). The Egger’s test also showed 
no significant publication biases in the angle of error in the 
JPS (p = 0.561).

TTDPM

Of the 17 studies, seven compared the TTDPM between 
the patients with knee osteoarthritis and unaffected con-
trol groups with a similar age. The analysis of the sub-
jects who underwent the TTDPM test at 30° knee flexion 
showed that the mean angle of error was 0.83° greater (95% 
CI 0.36°–1.30°; p < 0.001) in the osteoarthritic knees than 
in control knees. Similar results were observed in the sub-
jects who underwent the TTDPM test at 45° knee flexion, 
with the mean angle of error being 0.89° greater (95% CI 
0.33°–1.44°; p = 0.002) in the osteoarthritic knees than in the 
control group. However, the pooled mean difference in the 
angle of error between the knees at 30° and 45° knee flexion 
was 0.06°, which was not statistically significant (p = 0.878). 
The pooled results of both TTDPM test at 30° and 45° knee 
flexion analyses also showed that the mean angle of error 
was 0.83° greater (95% CI 0.44°–1.23°; p < 0.001) in the 
osteoarthritic knees than in control knees (Fig. 3).
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JPS

Of the 17 studies, 10 compared the JPS between the osteo-
arthritic knees and unaffected knees of control group. The 
pooled data of the 306 osteoarthritic knees and 253 unaf-
fected knees, which were examined by the reproduction of 
the targeted knee position tests showed that the pooled mean 
difference in the mean angle of error was 1.89° greater (95% 
CI 1.09°–2.70°; p < 0.001) in the osteoarthritic knees than in 
the unaffected knee of healthy control group. The analysis 
of the subjects who underwent RAP tests demonstrated that 
the pooled mean difference in the mean angle of error was 
2.04° greater (95% CI 1.11°–2.97°; p < 0.001) in the osteo-
arthritic knees than in the unaffected knee of healthy control 
group, indicating that the osteoarthritic knees had a poor 
JPS than unaffected knee of healthy control group. Simi-
larly, the analysis of the subjects who underwent RPP tests 

showed that the mean angle of error was 1.54° greater (95% 
CI 0.82°–2.26°; p < 0.001) in the osteoarthritic knees than 
in the unaffected knees of healthy control group (Fig. 4). 
However, the mean difference in the angle of error of 0.5° 
between the RAP and RPP tests did not reach a statistical 
significance (p = 0.408).

TTDPM vs. JPS and meta‑regression analyses

A comparison of the results of the TTDPM and JPS showed 
that the mean difference in the angle of error between the 
osteoarthritic knees and unaffected knees of healthy control 
group was 1.06° greater (95% CI 0.68°–0.74°; p < 0.001) in 
the JPS test than in the TTDPM test.

The results of the meta-regression analyses are reported 
in Table 2. The age and sex differences between the patients 
with knee osteoarthritis and control groups with unaffected 

Fig. 1   Preferred reporting items 
for systematic reviews and 
meta-analyses flow diagram of 
the identification and selection 
of the studies included in this 
meta-analysis. OA osteoarthritis



359Archives of Orthopaedic and Trauma Surgery (2021) 141:355–365	

1 3

Ta
bl

e 
1  

S
tu

dy
 c

ha
ra

ct
er

ist
ic

s

A
ll 

pr
os

pe
ct

iv
e 

co
m

pa
ris

on
 st

ud
ie

s w
er

e 
th

e 
pr

os
pe

ct
iv

el
y 

en
ro

lle
d 

cr
os

s-
se

ct
io

na
l s

tu
dy

Q
ua

lit
y 

sc
or

e 
w

as
 b

as
ed

 o
n 

N
ew

ca
stl

e–
O

tta
w

a 
A

ss
es

sm
en

t S
ca

le
BM

I b
od

y 
m

as
s i

nd
ex

, O
A 

os
te

oa
rth

rit
is

, P
C
S 

pr
os

pe
ct

iv
e 

co
m

pa
ra

tiv
e 

stu
di

es
, R

AP
 re

pr
od

uc
tio

n 
of

 a
ct

iv
e 

po
si

tio
ni

ng
, T

TD
PM

 th
re

sh
ol

d 
to

 d
et

ec
t p

as
si

ve
 m

ot
io

n,
 R
PP

 re
pr

od
uc

tio
n 

of
 p

as
si

ve
 

po
si

tio
ni

ng

St
ud

y
Ye

ar
St

ud
y 

ty
pe

Sa
m

pl
e 

si
ze

M
ea

n 
ag

e
Se

x
M

ea
n 

B
M

I
M

ea
su

re
d 

pa
ra

m
et

er
s

Q
ua

lit
y 

sc
or

e

O
A

C
on

tro
l

O
A

C
on

tro
l

O
A

 (M
:F

)
C

on
tro

l (
M

:F
)

O
A

C
on

tro
l

C
am

m
ar

at
a 

an
d 

D
ha

he
r [

11
]

20
12

PC
S

13
14

57
.0

56
.0

7:
6

7:
7

29
.0

25
.0

TT
D

PM
 (3

0°
, e

xt
en

si
on

, 1
°/

s)
7

H
ew

itt
 e

t a
l. 

[2
2]

20
02

PC
S

10
10

70
.5

69
.5

0:
10

0:
10

26
.9

27
.0

TT
D

PM
 (3

5°
, e

xt
en

si
on

, b
ot

h 
0.

5°
/s

 a
nd

 2
.5

°/
s)

6
K

or
al

ew
ic

z 
an

d 
En

gh
 [3

0]
20

00
PC

S
11

7
40

67
.9

68
.3

66
:5

1
34

:6
29

.4
26

.9
TT

D
PM

 (4
5°

, b
ot

h 
ex

te
ns

io
n 

&
 fl

ex
io

n,
 0

.5
°/

s)
7

Lu
nd

 e
t a

l. 
[3

1]
20

08
PC

S
21

29
57

.1
55

.3
0:

21
0:

29
28

.5
23

.3
TT

D
PM

 (6
0°

, e
xt

en
si

on
, 1

°/
s)

, R
A

P
8

Pa
i e

t a
l. 

[3
6]

19
97

PC
S

30
29

68
.2

71
.3

8:
22

12
:1

7
28

.6
24

.9
TT

D
PM

 (4
5°

, e
xt

en
si

on
, 0

.3
°/

s)
6

Pa
p 

et
 a

l. 
[3

7]
19

98
PC

S
25

20
63

.9
61

.7
10

:1
5

9:
11

N
R

N
R

TT
D

PM
 (4

5°
, r

an
do

m
ly

 e
xt

en
si

on
 o

r fl
ex

io
n,

 
0.

34
°/

s)
6

Sh
ar

m
a 

et
 a

l. 
[4

0]
19

97
PC

S
28

29
65

.5
71

.0
13

:1
5

13
:1

6
28

.9
26

.3
TT

D
PM

 (4
5°

, e
xt

en
si

on
, 0

.3
°/

s)
8

B
ae

rt 
et

 a
l. 

[3
]

20
13

PC
S

45
20

64
.0

62
.9

0:
45

0:
20

27
.8

25
.2

R
A

P
6

H
al

l e
t a

l. 
[1

9]
20

05
PC

S
59

55
69

.2
67

.5
21

:3
8

17
:3

8
28

.5
25

.9
R

A
P

6
H

as
sa

n 
et

 a
l. 

[2
1]

20
01

PC
S

77
63

63
.4

63
.0

19
:5

8
18

:4
5

30
.6

24
.9

R
A

P
6

H
or

to
ba

gy
i e

t a
l. 

[2
3]

20
04

PC
S

20
20

57
.5

56
.8

5:
15

5:
15

29
.3

28
.3

R
A

P
8

H
ur

le
y 

et
 a

l. 
[2

4]
19

97
PC

S
69

25
60

.7
65

.6
26

:4
3

7:
18

29
.4

27
.5

R
A

P
5

Je
ro

sc
h 

et
 a

l. 
[2

5]
19

97
PC

S
17

30
42

.7
33

.6
10

:7
20

:1
0

N
R

N
R

R
A

P
8

M
ar

ks
 e

t a
l. 

[3
3]

19
93

PC
S

10
10

56
.6

48
.2

0:
10

0:
10

30
.1

24
.4

R
A

P
6

M
oh

am
m

ad
i e

t a
l. 

[3
4]

20
08

PC
S

30
30

46
.4

45
.5

0:
30

0:
30

27
.1

26
.9

R
A

P
8

B
ay

ra
m

og
lu

 e
t a

l. 
[6

]
20

07
PC

S
50

30
60

.2
57

.9
11

:3
9

5:
25

30
.1

25
.4

R
PP

5
G

ar
sd

en
 a

nd
 B

ul
lo

ck
-S

ax
to

n 
[1

7]
19

99
PC

S
20

20
62

.8
60

.8
10

:1
0

10
:1

0
N

R
N

R
R

PP
7



360	 Archives of Orthopaedic and Trauma Surgery (2021) 141:355–365

1 3

knees were not significantly associated with the differences 
in the mean angle of error both in the TTDPM and JPS tests. 
This finding indicated that the results of the current study 
were not biased by the differences in the demographic char-
acteristics of the patients and control groups.

Discussion

The most important findings of this study were that pro-
prioception was lower in the osteoarthritic knees than in the 
unaffected knees of the age-matched control group both in 
the TTDPM and JPS tests and that the mean angle of error 
was greater in the JPS test than in the TTDPM test.

Proprioception is the sense of movement and position 
of the body and it is achieved by peripheral sensory input 
including changes in muscle length and tension, joint angle, 
and stretch of skin. These sensory inputs are derived from 
a number of sources including muscle spindles in skeletal 
muscle, stretch-sensitive receptors in tendons (Golgi ten-
don organ), and motion-sensitive receptors in ligaments and 

Fig. 2   Funnel plot showing the relatively symmetric mean differences 
in the mean angle of error in the joint position sense test between the 
osteoarthritic and unaffected knees. Eight of the ten included studies 
fell within or around the 95% confidence interval lines; the other two 
studies deviated to the right. WMD weighted mean difference

Fig. 3   Forest plot showing the mean differences of the threshold to 
detect passive motion (TTDPM) between the osteoarthritic and unaf-
fected knees. The analysis of the TTDPM test at 30° and 45° knee 
flexion shows that the mean angles of error are significantly 0.83° and 
0.89° greater in the osteoarthritic knees than in the unaffected knees. 
The pooled results of the TTDPM both in 30° and in 45° of knee flex-

ion also show a 0.83° greater mean angle of error in the osteoarthritic 
knees than in the unaffected knees. (The values to the right of point 
“0” mean the measure is worse in people with knee osteoarthritis than 
in age-matched controls.). WMD weighted mean difference, CI confi-
dence interval
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joint capsules (Ruffini receptor and Pacinian corpuscle) [9]. 
In clinical studies, knee joint proprioception is measured 
by two different methods—joint movement (kinesthesia) 
is tested by TTDPM and joint position is tested by JPS 
[27]. The results of the current study showed decreased 

proprioception not only in the joint movement sense but 
also in the joint position sense. It is possible that a reduc-
tion in proprioception in patients with knee osteoarthritis 
could be the result of a local effect of knee osteoarthritis 
or of the general development or progression of the oste-
oarthritis and muscle weakness [15, 28]. In terms of the 
local effect of knee osteoarthritis, the morphologic change 
in the knee joint resulting from knee osteoarthritis, includ-
ing osteophyte, articular cartilage breakage, and increased 
joint effusion, could damage the mechanoreceptors in the 
articular cartilage and joint capsule. Beyond the intraarticu-
lar destruction, knee osteoarthritis could destroy or disturb 
the extraarticular soft tissues around the knee joint, therefore 
altering the function of the mechanoreceptors in the joint 
capsule, ligament, muscle, and tendinous portion surround-
ing the knee joint. Quadriceps muscle weakness or atrophy 
is well known for its correlation with progression of knee 
osteoarthritis. Previous studies showed a significant associa-
tion between impaired motion sense and muscle weakness 

Fig. 4   Forest plot showing the mean differences in the joint position 
sense between the osteoarthritic and unaffected knees. The analysis 
of the reproduction of active (RAP) and passive (RPP) positioning of 
the targeted angle demonstrates that the mean angles of error are sig-
nificantly 2.04° and 1.54° greater in the osteoarthritic knees than in 
the unaffected knees. The pooled data of the RAP and RPP also show 

that the osteoarthritic knees had a 1.89° greater mean angle of error 
than the unaffected knees. (The values to the right of point “0” mean 
the measure is worse in people with knee osteoarthritis than in age-
matched controls.). WMD weighted mean difference; CI confidence 
interval

Table 2   Meta-regression analysis comparing the associations of age 
and sex using the threshold to detect passive motion (TTDPM) and 
joint position sense (JPS) tests between the osteoarthritic knees and 
unaffected knees

Variable Coefficient Standard error p value 95% confidence 
interval

TTDPM
 Age − 0.052 0.063 0.409 − 0.174 to 0.071
 Sex − 0.010 0.012 0.394 − 0.034 to 0.013

JPS
 Age − 0.127 0.082 0.119 − 0.287 to 0.033
 Sex − 0.026 0.023 0.241 − 0.071 to 0.018
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and insisted that muscle weakness or atrophy might decrease 
muscle spindle sensitivity [24, 25, 52]. These widespread 
damages in the mechanoreceptors of the intraarticular and 
extraarticular structures are large enough to be detected by 
proprioception measurement tools, such as the TTDPM and 
JPS tests [41]. Conversely, decreased proprioception by 
osteoarthritis could induce the progression of osteoarthri-
tis [40]. Disruption of the afferent component of protective 
neuromuscular reflexes due to impaired proprioception may 
lead to poor spatial and temporal coordination of position 
sense, decreased muscle activity, and poor coordination of 
the quadriceps and hamstring [28]. This situation could sub-
sequently increase loads on the knee joint owing to poor 
load distributions, which resulted from an increased joint 
laxity by poor muscular control and activity, thus result-
ing in a greater exposure of the knee joint to wear and tear 
[31]. In addition, a recent study [31] showing systemic pro-
prioceptive deficits of elbow as well as knee joints suggest 
that proprioceptive deficit of the knee joint could be a cause 
of osteoarthritis. Although the results of the current study 
could not clearly demonstrate such a causal relationship, we 
believe that impaired proprioception could be both a cause 
and a result of knee osteoarthritis, because either of these 
possibilities alone is insufficient to explain the presence of 
impaired proprioception in patients with knee osteoarthritis. 
Therefore, it is also probable that these two pathways may 
create the “self-perpetuating vicious cycle” of knee osteo-
arthritis progression.

Many studies had made an effort to prove which factors 
are the prognostic factors for the progression of knee osteo-
arthritis. Obesity, sex (female), varus malalignment, age, 
former knee injury, high serum levels of hyaluronic acid, 
and TNF-α are proven potential factors for the progression 
of knee arthritis [5, 14]. Low quadriceps muscle strength is 
also well-known factor which is associated with the progres-
sion of knee osteoarthritis; however, the causal relationship 
had not been clarified [4, 29, 48]. We think the decrement of 
proprioceptive function might be one of causal relationship 
between knee osteoarthritis and quadriceps strength. When 
the patients had advanced osteoarthritis with uncontrolled 
pain, total knee arthroplasty is considered as the gold stand-
ard [38]. It is still controversial that arthroplasty yields bet-
ter proprioception; however, optimal collaboration between 
surgery and subsequent rehabilitation might guarantee the 
good outcomes in terms of patients’ function [8, 12, 43].

In this study, the decrement of proprioception was greater 
in the JPS test (reproduction of angle) than in the joint 
motion sense (TTDPM) test. The difference in the decre-
ment between the JPS and TTDPM tests could be explained 
in part by the fact that these two tests may measure different 
components of proprioception. Kinesthesia is the dynamic 
phase of proprioception and is, therefore, mainly regulated 
by rapid adapting mechanoreceptors (Pacinian corpuscles). 

Joint position is the static phase of proprioception and is 
chiefly controlled by slow adapting mechanoreceptors, such 
as Golgi tendon organs or Ruffini receptors [35]. In addi-
tion, the TTDPM test maximally stimulates the articular 
mechanoreceptors with minimal stimulation of the muscle 
spindles, whereas the JPS test stimulates both receptors. The 
insensitivity to rapid adapting mechanoreceptors and lack 
of reflection for mechanoreceptors in the muscle spindles in 
the TTDPM test could underestimate the actual decrement 
in the proprioception in osteoarthritic knee joints. Another 
possible cause of the greater decrement in the JPS test than 
in the TTDPM test may be the higher degree of measure-
ment error in the JPS test. While both the JPS and TTDPM 
tests require the participants’ concentration abilities, only 
the JPS test is dependent on the participants’ memory during 
the test. Therefore, the reliability of the JPS test decreases 
not only because of one or two lapses in concentration but 
also because of a memory bias during the test. This might 
also explain the greater reduction in the JPS test than in the 
TTDPM test in the osteoarthritic knees [31].

Previous studies using patient-reported questionnaires 
demonstrated that proprioceptive deficit of the knee joint 
was associated with functional disability in terms of walk-
ing speed [32, 36, 42]. One report [10] suggested that a 
greater than 5° reduction in proprioception may have clini-
cally significant impacts on osteoarthritic knees, but pre-
sented no evidence to support this assertion. To date, no 
consensus has been reached on how much reduction of 
proprioception in the TTDPM and JPS tests is required to 
give rise to clinically relevant changes in the functional 
ability of patients with knee osteoarthritis. The results of 
our study, showing a 0.83° deficit on the TTDPM test and 
a 1.89° deficit on the JPS test, may be insufficient to cause 
observable changes in functional ability. However, the 
deficits observed in our study were considerably greater 
than the range of measurement error of previous studies 
(0.03°–0.25°), suggesting that they have clinical relevance 
[7]. Also, given that the proprioception test was conducted 
on a non-weight bearing condition and a relatively lower 
angular velocity of 0.2–2°/s, which could not reflect the 
daily living activities of patients, it is possible that with 
the limb moving at great velocities and subjected to high 
forces in daily living, these low values take on a greater 
clinical significance than what was first thought [10]. In 
addition, a previous study showed that the mean side-to-
side differences in healthy subjects were only 0.1° on both 
TTDPM and JPS measurements [18], thus also indicat-
ing that the less than 2° differences observed in our study 
may be underestimations of the proprioceptive deficits 
of the osteoarthritic knees. Further, considering that the 
proprioceptive deficit of patients with anterior cruciate 
ligament tear was not good in a recent meta-analysis [27], 
as determined by both TTDPM (0.23°) and JPS (0.94°), 
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the proprioceptive deficit from 1° to 2° in the osteoar-
thritic knees in our study was relatively of a large mag-
nitude, thus supporting the potential clinical relevance of 
these minimal proprioceptive deficits for the function of 
osteoarthritic knees. To prevent potential functional dis-
ability, early intervention, including muscle strengthening 
exercises, sensorimotor training or knee bandaging might 
be helpful to improve proprioceptive accuracy in patients 
with knee osteoarthritis [13, 25, 49, 50].

There were several limitations that should be consid-
ered in this meta-analysis. The heterogeneity of the demo-
graphic data among the included studies, such as age and 
sex distribution, could cause confounding effects on the 
results of this meta-analysis. However, the meta-regression 
analysis showed that age and sex were not significantly 
associated with the proprioceptive deficit in both the 
TTDPM and JPS tests in the osteoarthritic knees. In addi-
tion, we also could not exclude other potential confound-
ers, such as habitual physical activity, concomitant medi-
cation, contralateral knee status [31], and prior medical or 
surgical conditions. These factors could have influenced 
the proprioception accuracy. Moreover, enrolled studies 
defined osteoarthritis using ACR criteria or K–L grade 
2 or higher; therefore, it is hard to find the relationship 
between severity of osteoarthritis and decrement of pro-
prioception. Another limitation was that the meta-analysis 
is based on a random effects analysis. In contrast to a fixed 
effects analysis, which can be used to estimate a common 
difference, a random effects analysis estimates an aver-
age difference, and the variability of this may have clini-
cal implications. However, a random effects analysis was 
more adequate than a fixed effect model for pooling the 
data in this study because our results showed substantial 
heterogeneity (I2 > 50%). At last, the independent librar-
ian who could supply more reliable data collection was 
not involved in the current study. It might be one of our 
limitations.

Conclusions

In conclusion, the knee proprioceptive acuity of patients 
with knee osteoarthritis was poorer than that of patients 
with unaffected knees in the age-matched control group 
both in terms of the TTDPM and JPS. Further evaluation is 
needed to determine the clinical relevance of these deficits.
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