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Abstract 

Background Our study aimed to identify age-related changes in knee proprioception to provide reference values 
for weight-bearing (WB) and non-weight-bearing (NWB) conditions and to identify factors (age, WB condition, domi-
nance, and sex) that can affect knee proprioception.

Methods A total of 84 healthy adult men and women were recruited. Active knee joint position sense (JPS) 
was measured using a digital inclinometer for knee proprioception. The participants performed the required move-
ments actively, with verbal feedback from the examiner, slowly moving to the target angles (30° and 50°) and main-
taining them for 5 s before returning to the starting position. Afterward, without assistance from the examiner, 
the participants actively moved back to the same angle, and the examiner confirmed the angles. This procedure 
was repeated twice for each target angle, and the average values were used as the data. The participants were 
barefoot, wearing shorts, and closed their eyes while the measurements were obtained. The measurements were first 
obtained on the dominant side under the NWB conditions. When a change in posture was needed during the meas-
urement, the participants sat in a resting position for 2 min.

Results Except for age, all other factors (WB condition, dominance, sex) were not statistically significant. Age showed 
a significant difference in knee JPS, except for the non-dominant side at 30° and the dominant side at 50° in the NWB 
condition.

Conclusion This study indicates that the WB condition, dominant side, and sex need not be considered when meas-
uring and assessing knee JPS. Age shows a negative correlation with knee joint position sense, and the reference 
values presented in this study can be used as objective target values during the rehabilitation process.
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Introduction
The knee joint is crucial in supporting substantial body 
weight [1, 2]. Various bones (femur, patella, tibia, and 
fibula), joints (medial, lateral, and proximal tibiofemo-
ral joints), muscles, tendons, and ligaments responsible 
for complex functions related to stability and mobility 
connect to the knee joint [3, 4]. Proprioception involves 
nerve input to the central nervous system through dif-
ferent mechanoreceptors [3–6]; it plays a vital role in 
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the somatosensory system [1, 7]. Knee proprioception 
is essential for everyday activities such as walking and 
sports, enabling us to perceive and control body move-
ment, position, overall coordination, and joint ability 
[8]. Impaired proprioception results in increased body 
sway, reduced balance, and a higher risk of falling, 
potentially leading to further injuries [9, 10].

Knee proprioception is currently evaluated by vari-
ous methods such as the weight load [weight-bearing 
(WB), partial WB, or non-WB (NWB)] [6, 7], meas-
uring equipment (goniometer, inclinometer, Biodex, 
or Cybex) [6, 10–12], the method of joint reposition 
(supine, prone, sitting, or one leg squat) [10, 13, 14], 
and the target angle types [1, 14, 15].

These various methods have led to a lack of standard-
ized criteria, and functional improvement has been pri-
marily assessed through before and after intervention 
comparisons. Regarding the weight load factor, most 
studies on proprioception have emphasized WB as a 
more accurate measurement method. However, situa-
tions where full knee extension is not possible due to 
anterior cruciate ligament reconstruction [11], other 
balance issues [13, 16, 17] and other conditions neces-
sitate measurements in the NWB condition.

The primary objective of this study is to establish ref-
erence values for knee proprioception in the WB and 
NWB conditions, providing target benchmarks for 
rehabilitation. Additionally, we hypothesized that other 
factors (age, WB condition, dominance, and sex) influ-
ence proprioceptive sensitivity, warranting the need for 
reference values that consider these factors.

Methods
Participants
A total of 84 participants were recruited on the basis 
of an effect size of 0.55, alpha of 0.05, and beta of 0.80. 
This study was approved by the Gachon University 
Institutional Review Board (approval number 1044396-
202303-HR-037-01) and the Clinical Research Informa-
tion Service (no. KCT0008518). Informed consent was 
obtained from all participants before the start of the 
study.

Because osteoarthritis, which can affect the knee pro-
prioception, is found in 30–50% of adults > 65 years old 
and at least one joint in >80% of older people, individu-
als aged between 20 and 50 years were recruited [18].

The exclusion criteria were as follows: (1) history of 
surgery on the lower extremities, (2) neurological or 
musculoskeletal impairment, (3) limitation of active 
and passive knee joint motion, and (4) discomfort or 
pain while performing the required measurements.

Knee proprioception measurement
The measurement of knee proprioception has been sub-
stituted with the assessment of joint position sense (JPS). 
The active knee joint repositioning test was performed 
under WB and NWB conditions. The measurements 
were initially taken in the NWB position, followed by 
2  min in a seated position before subsequent measure-
ments were obtained in the WB position. The partici-
pants were barefoot, wore shorts, and closed their eyes to 
avoid visual cues while the measurements were obtained.

All participants rested in a chair with a backrest for 
2 min before measurement. To determine the dominant 
leg at rest, the examiner asked each participant which 
foot was used to kick a ball when it rolled toward them. 
The participants actively and slowly moved to the target 
angle from the starting position until the examiner said 
“stop.”

The target angle was maintained at this position for 5 s. 
The participants actively returned to the starting posi-
tion following the instructions of the examiner. After, 
the examiner instructed the participant to move again 
as much as they just moved. The participants actively 
repositioned their knee and maintained this position 
for 3 s. At this point, the examiner confirmed the angle. 
The target angles were randomly set to two different val-
ues (30°and 50°), and each angle was measured twice. A 
resting period of 3 s was taken in the initial position for 
each trial. The average value of two trials was used for the 
analysis.

Following this procedure, the dominant side (DS) 
was first measured, and after a 2  min rest in the sitting 
position, the opposite leg was measured. The difference 
between the measured and target angles was used as 
the absolute angular error (AAE) value without direc-
tional bias. A digital inclinometer (AOSYCO, Miami, 
FL, USA) was used to verify the angles. The same exam-
iner obtained all measurements without assistance (e.g., 
touch feedback from the examiner, auditory feedback) or 
encouragement.

Weight‑bearing condition
The weight-bearing measurement was conducted by 
referring to previous studies on posture [19, 20]. The 
starting position was a one-leg standing position with 
the measurement leg supporting the body. A 5-cm high 
footboard was used on the heel of the measurement leg 
to reduce the passive tension on the calf muscle (Fig. 1A). 
A 20-cm high step box was used to slightly flex knee and 
hip joints and to relax the opposite leg (Fig. 1A). A chair 
in front of the participant was used to maintain mini-
mum balance. The digital inclinometer was placed on the 
lateral side at the distal one-third of the length from the 
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anterior superior iliac spine to the patella of the meas-
urement leg (Fig. 1A). Based on previous studies, a pilot 
experiment was performed by placing a digital goni-
ometer on the anterior thigh. However, this placement 
method resulted in instability and inaccurate measure-
ments. For improved accuracy, the digital inclinometer 
was configured in the following manner: target angles 
of 30° and 50° were selected, considering findings from 
prior research [12, 19]. The angle of 30°, within the range 
of 20–40°, is highly correlated with proprioception feed-
back during regular walking, making it more precise for 
functional measurements. The 50° angle represents the 
midpoint of knee flexion, where adjustments by the mus-
cle sensor play a dominant role in detecting knee joint 
position. The participants performed eight trials {both 
legs [DS, non-DS (NDS)] × 2 target angles [30°, 50°] × 2 
trials}. In addition, during the test, the participants were 
supervised at a close distance to prevent falls.

Non‑weight‑bearing condition
The non-weight-bearing measurement was conducted 
with reference to previous studies on posture [20, 21]. 
The starting position was a neutral sitting position 
with both hands placed on the knee (Fig. 1C). The digi-
tal inclinometer was placed on the lateral side, 15  cm 
below the fibula head, using a black strap with a width 
of 1.8 cm (Fig. 1C). Measurements were conducted from 
knee flexion to knee extension. The knee extension posi-
tion should be measured as the starting position in the 
NWB condition to ensure consistent measurements with 
the WB condition. However, because of the quadriceps 
muscle activation involvement, which prevents complete 
NWB, we performed the measurements in the opposite 
direction. The target angles of 30° and 50° were chosen 

for consistency with the WB condition. Each partici-
pant completed eight trials, encompassing both legs (DS, 
NDS) and target angles (30° and 50°), with two trials con-
ducted for each combination (Fig. 2).

Statistical analysis
Statistical analyses were performed using SPSS ver. 25.0 
(SPSS Corp., Armonk, NY, USA). The averages and 
standard deviations were calculated for all variables. 
Normal distribution for all variables was confirmed 
using the Shapiro–Wilk test. A simple regression analy-
sis evaluated the relationship between AAE and age. An 
independent t-test was used to confirm the differences 
between AAE and identify the age, WB condition, domi-
nance, and sex factors. A P value of < 0.05 indicated sta-
tistical significance.

Results
All participants had a dominant right leg. The aver-
age knee flexion angle in the NWB condition was 
93.2° ± 5.66°. The characteristics of each age are presented 
in Table  1. Except for age, all other factors (WB condi-
tion, dominance, sex) were found to be statistically insig-
nificant in all variables, indicating that these factors did 
not have a significant impact on knee proprioception 
(Table 2). The only factor that impacted on knee proprio-
ception was age factor, which positively correlated with 
AAE in all variables except for the NDS 30° and DS 50° in 
the NWB condition (Table 3).

For each age group, we provide the reference values for 
knee proprioception under both WB and NWB condi-
tions in Table 4.

Fig. 1 Initial and measurement positions for knee joint position sense. A Start position in weight-bearing condition; B measurement posture 
in weight-bearing condition; C start position in non-weight-bearing condition; and D measurement posture in non-weight-bearing condition
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Fig. 2 Comparison of knee joint position sense between groups (20 s, 30 s, 40 s, and 50 s). A Weight-bearing condition; B non-weight-bearing 
condition
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Discussion
This study aimed to investigate the reference values of 
knee proprioception based on active knee JPS in WB 
and NWB conditions and to identify the factors that 
may influence JPS. The results contradicted the hypoth-
esis of all identified factors significantly impacting JPS 
and requiring a reference value accordingly. The JPS 
was only found to be associated with age. Regarding 
the relationship between age and JPS, AAE increased 
with age under the WB conditions, indicating a decline 
in JPS ability. However, in the NWB condition, the 
measured angle only affected the JPS on the DS for the 
smaller angle (30°), whereas for the larger angle (50°), it 
only influenced the JPS on the NDS. In other words, in 
the NWB condition, age was affected by the angle and 
dominance difference.

Existing research has attributed the age-related decline 
in proprioception to alterations in the muscle spindle 
functionality [22, 23]. Although the number of motor 
units decreases in older individuals, compensatory 
hypertrophy and slowed reorganization can affect the 
proprioception of integrated sensory and motor informa-
tion [24, 25]. Aging causes various functional changes, 
including motor, sensory, and cognitive changes and 
changes in fat and body mass index [8, 24, 26]. Ultimately, 
the overall functional decline associated with aging can 
have a detrimental effect on JPS. This is supported by the 
results of this study, showing that the AAE was signifi-
cantly smaller in those in their 20s than in those in their 
40s and 50s. Therefore, we suggest that the reference val-
ues provided in this study can be used clinically as target 
values for each age group.

Table 1 The characteristics of the participants

Values are presented as mean ± standard deviation

BMI body mass index

Variable Age (years) Height (cm) Weight (kg) BMI (kg/m2) Knee flexion angle (°)

20 s (n = 21) 25.3 ± 1.70 169.9 ± 7.99 64.0 ± 10.84 22.0 ± 2.07 94.8 ± 8.00

30 s (n = 21) 33.1 ± 2.69 169.5 ± 9.31 69.3 ± 13.62 23.9 ± 2.90 92.2 ± 6.15

40 s (n = 21) 45.1 ± 2.91 169.1 ± 8.69 67.7 ± 14.74 23.2 ± 4.02 92.8 ± 4.00

50 s (n = 21) 54.8 ± 2.81 167.4 ± 7.16 68.5 ± 9.62 24.4 ± 2.19 92.9 ± 4.89

Total (n = 84) 39.5 ± 11.60 169.2 ± 8.09 67.7 ± 12.10 23.4 ± 3.05 93.2 ± 5.66

Table 2 Relationship between the knee joint position sense and identify factors (weight bearing conditions, dominance differences, 
and sex differences)

AAE absolute angular error, WB weight-bearing, NWB non-weight-bearing, DS dominant side, NDS non-dominant side

P1 < 0.05, compared with the parameters of different sex and different dominance

P2 < 0.05, compared with the parameters of different weight-bearing conditions

Variable Target angle (°) AAE (mean ± SD) P1 P2

WB Sex Male 30 3.32 ± 3.63 0.104 0.082

50 3.41 ± 3.20

Female 30 4.15 ± 4.25

50 4.99 ± 4.47

Dominance DS 30 3.75 ± 4.11 0.456

50 4.55 ± 4.23

NDS 30 3.66 ± 3.80

50 3.88 ± 3.41

NWB Sex Male 30 3.39 ± 3.13 0.878

50 3.74 ± 3.41

Female 30 3.43 ± 3.04

50 3.63 ± 2.75

Dominance DS 30 3.62 ± 3.23 0.170

50 3.96 ± 3.39

NDS 30 3.19 ± 2.93

50 3.47 ± 2.72
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This study examined the relationship between the WB 
condition and JPS and found that the WB condition 
showed lower AAE values, suggesting greater accuracy, 
but there was no significant difference. Refshauge and 
Fitzpatrick [27] reported that a neutral sitting position 
with knee flexion and slight ankle plantarflexion in the 
NWB position had a perception threshold for a move-
ment twice as high as that in the standing position in the 

WB position. This suggests that calf muscle stretching 
on the basis of foot and knee postures plays an impor-
tant role. In addition, Wise et  al. [28] reported that the 
contraction of the surrounding muscles influenced the 
threshold for position detection. Herrington [7], Magal-
hães et al. [19], Stillman and McMeeken [29], and Vallbo 
[30] stated that under closed kinetic chain (CKC) con-
ditions, sensory feedback from the surrounding joints 
(ankle and hip) is involved, and the eccentric contrac-
tion of knee extensor muscles is more demanding than 
that in open kinetc chain (OKC), resulting in the recruit-
ment of more motor units and greater activation of mus-
cle spindles, ultimately exerting a positive influence on 
knee JPS. In practical situations, it is likely impossible 
for patients to perform and obtain accurate values in the 
WB condition during the early stages of rehabilitation. 
Therefore, while it is possible to get accurate values in the 
WB condition, considering efficiency and validity, con-
ducting assessments in the NWB condition during the 
initial phases of rehabilitation is recommended. As func-
tional improvement progresses, a gradual transition to 
the WB condition for evaluation is suggested. However, 
when assessing in NWB condition, if the DS is affected, 
it should be evaluated at smaller angles. In contrast, 
when the NDS is affected, assessment at larger angles is 
advisable.

We hypothesized that the DS, more frequently used 
in daily activities, would exhibit stronger connections 
between motor and sensory functions in a higher over-
all interaction among brain regions and smaller AAE 
values. However, interestingly, the NDS showed smaller 
AAE values than the DS, and this difference was not sta-
tistically significant. Hoshiyama and Kakigi [31] observed 
that only the contralateral hemisphere responded when 
the dominant hand was used, whereas both hemispheres 
responded when the non-dominant hand was used. They 
suggested that the interaction in the somatosensory cor-
tex increases during unskilled movements with the NDS, 
leading to a higher somatosensory perception. Han et al. 
[32] examined the dominance difference in propriocep-
tion for the ankle, knee, shoulder, and fingers and con-
sistently reported that the non-preferred side showed 
significantly better results across all four joints. In our 
study, the NDS had smaller AAE values than the DS of 
approximately 0.49°, indicating compensatory activa-
tion of the brain cortex in the NDS. Previous studies on 
dominance differences have reported consistent find-
ings. Macedo and Magee [33] found no clinical range of 
motion differences between the DS and NDS groups in 
the upper and lower extremities. Schorderet et  al. [34] 
reported that dominance difference did not affect bal-
ance performance. These findings, including those of 
our study, provide further evidence that dominance 

Table 3 Relationship between the age and the knee joint 
position sense

WD 30 weight-bearing + dominant side + 30°, WND 30 weight-bearing + non-
dominant side + 30°, WD 50 weight-bearing + dominant side + 50°, WND 
50 weight-bearing + non-dominant side + 50°, NWD 30 non-weight-
bearing + dominant side + 30°, NWND 30 non-weight-bearing + non-dominant 
side + 30°, NWD 50 non-weight-bearing + dominant side + 50°, NWND 50 non-
weight-bearing + non-dominant side + 50°

*Significant difference (P < 0.05)

Variable R2 Constant β Standard error P

WD 30 0.47 −2.775 0.166 0.036 0.000*

WND 30 0.42 −1.767 0.137 0.034 0.000*

WD 50 0.39 −1.070 0.141 0.039 0.000*

WND 50 0.42 −1.219 0.126 0.032 0.000*

NWD 30 0.37 −0.419 0.102 0.030 0.001*

NWND 30 0.18 1.412 0.045 0.029 0.122

NWD 50 0.15 2.207 0.044 0.033 0.188

NWND 50 0.33 0.447 0.076 0.026 0.004*

Table 4 Reference value of knee joint position sense on age

AAE absolute angular error, WD weight-bearing + dominant side, WND weight-
bearing + non-dominant side, NWD non-weight-bearing + dominant side, NWND 
non-weight-bearing + non-dominant side

Age Variable AAE (mean ± SD)

30° 50°

20–29
(n = 21)

WD 1.53 ± 1.67 2.55 ± 2.50

WND 2.13 ± 1.69 2.29 ± 1.98

NWD 2.03 ± 2.26 3.05 ± 2.78

NWND 3.29 ± 3.03 2.45 ± 1.96

30–39
(n = 21)

WD 1.76 ± 1.40 2.50 ± 1.29

WND 1.84 ± 1.78 1.74 ± 1.88

NWD 2.79 ± 2.82 3.05 ± 2.69

NWND 2.11 ± 2.09 2.55 ± 2.31

40–49
(n = 21)

WD 4.18 ± 2.59 5.92 ± 3.85

WND 2.61 ± 2.45 4.42 ± 2.95

NWD 5.90 ± 4.37 7.10 ± 4.64

NWND 3.80 ± 2.95 5.63 ± 3.22

50–59
(n = 21)

WD 5.38 ± 4.02 3.83 ± 3.51

WND 4.68 ± 3.45 4.40 ± 3.01

NWD 5.95 ± 5.07 5.95 ± 5.17

NWND 6.73 ± 5.30 5.45 ± 4.40
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differences do not clinically affect overall body move-
ment. In addition, based on the results of this study, 
it is implied that it is acceptable to perform the assess-
ment using the same method without considering the 
dominant leg of the patient. When considering only the 
dominance factor, using the measurement values of the 
opposite leg as the reference point is permissible. How-
ever, it is important to note that in this case, although to 
a minor extent, the non-dominant leg tends to have more 
accurate values.

Bulut and Pehlivan [35] reported that physical activ-
ity level is related to body awareness, with men showing 
a higher level of physical activity than women. Edwards 
[36] conducted a sensory interaction and balance clinical 
test using the Biodex system in healthy adults in their 20s 
and found that men exhibited approximately 23% smaller 
body sway than women. In contrast, Puszczalowska-
Lizis et al. [37] conducted a stabilographic test on adults 
aged 60–90 years and found that men had lower postural 
stability in the mediolateral and anteroposterior direc-
tions than women. Based on these studies, we assumed 
that there would be sex differences. However, our study 
indicates that sex differences did not impact the JPS. Bry-
ant et al. [38] reported no significant differences in static 
balance between men and women among healthy adults 
aged 50–60 years. Harrington [7] and Ghiasi and Akbari 
[6] found differences in knee proprioception between 
men and women under OKC and CKC conditions, but 
these differences did not significantly impact them. Simi-
lar to previous studies, this study does not explain the 
causes of sex differences. However, it suggests no sex dif-
ferences in the JPS, indicating the absence of sex differ-
ences in posture perception and balance ability. Instead, 
individual performance should be considered.

This study has several limitations. First, the participants 
performed eight repetitions per leg during measure-
ments between sessions, making it impossible to ignore 
the carryover effect. Second, the positions of the pelvis 
and trunk of the participants were not standardized dur-
ing the measurements. Third, owing to the age limit of 
50  years set for the participants, we could not establish 
reference values for knee proprioception for individu-
als aged ≥ 60  years. In future research, reference values 
on knee proprioception for individuals aged ≥ 60  years 
should be obtained. Moreover, conducting the study in a 
manner that considers the positioning of the trunk and 
pelvis while also implementing methods to minimize car-
ryover effects is essential.

Conclusions
This study investigated the reference values for knee JPS 
according to age. Additionally, we examined whether age, 
WB condition, dominance, and sex affected knee JPS. 

This study suggests that other variables, excluding age, 
need not be considered when measuring and evaluat-
ing knee JPS. The age factor exhibits a negative correla-
tion with knee JPS, and the reference values presented in 
this study can be utilized as objective target values during 
rehabilitation. Under the NWB condition, it is necessary 
to set the DS to a larger angle and the NDS to a smaller 
angle for implementation.
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