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Abstra ct

Applying joint position sense tests under different test condi-
tions may introduce reproduction error bias, which can result 
in different therapeutic consequences. This study investigated 
the effects of body orientation, movement direction, and limb 
dominance on the active knee angle reproduction error. Sub-
jects underwent active contralateral knee angle reproduction 
tests in a seated versus prone position, from a starting point of 
knee flexion versus knee extension, and with the dominant 
versus nondominant limb setting the target angle. The test 
order was randomly determined for each subject. The primary 
outcome was the absolute active knee angle reproduction er-
ror ( °). The data of 54 healthy subjects (mean ± standard de-
viation, age: 26 ± 5 years, height: 174 ± 11 cm, body mass: 
69.9 ± 14.4 kg, and Tegner activity score: 5.8 ± 1.9) showed that 
the reproduction error was greater in the seated position than 
in the prone position. The use of the dominant limb as the 
reference limb was associated with significantly greater errors 
in the seated position, but not in the prone position. In conclu-
sion, directly comparing the results obtained in the prone and 
seated positions is not recommended. However, the domi-
nance of the reference limb might be relevant when testing 
patients and comparing healthy and injured knees.
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Introduction
Proprioception is defined as the perception of the body’s position 
and movement and is described as a complex construct that has 
not yet been fully examined [1, 2]. The outcomes of studies on pro-
prioception play an important role in injury prevention and during 
the process of rehabilitation [3, 4]. Impaired proprioception is ac-
companied by a reduction in coordination ability, which is a possi-
ble reason for knee injuries, especially anterior cruciate ligament 
ruptures in pivoting sports [3].

Assessing the joint position sense (JPS) is the most widely used 
method for measuring the knee’s proprioceptive capability, and 
JPS tests are performed as a part of almost every orthopedic reha-
bilitation program [5, 6]. The accuracy of such tests is of utmost 
clinical importance as the results are used to justify exercise pro-
grams and to evaluate the success of treatment programs [6]. How-
ever, the protocols used to test the knee’s proprioceptive capabil-
ity vary, which leads to different test results [1, 7]. Elangovan et al. 
suggested that differences in test protocols do not denote meth-
odological weaknesses but are due to various physiological factors 
that vary across protocols and thus influence JPS results [8].

A combination of different sensory inputs for detecting, gener-
ating, and stimulating the joint position, movement velocity, di-
rection, and force forms the basis of proprioception [2]. There are 
various types of sensory mechanoreceptors located in joint tissues, 
muscles, ligaments, tendons, and the skin [8]. These receptors are 
a part of the vestibular, visual, and somatosensory systems and are 
responsible for recognizing the body’s position and the orientation 
of body segments with respect to other body segments [6, 8, 9]. It 
has been shown that, when individuals actively reproduce differ-
ent knee joint angles, there are significant differences in the trig-
gered mechanoreceptors, depending primarily on the position and 
direction of the limb movement [5, 7, 10–17]. The direction of 
movement has been shown to influence the knee’s JPS: higher av-
erage error values are recorded when the leg moves from exten-
sion to flexion [7, 14, 15, 18, 19]. Furthermore, the body’s position 
has been shown to influence the knee angle reproduction error, 
with greater deviations recorded in the prone position [7, 16, 20]. 
However, there is conflicting evidence that limb dominance is as-
sociated with proprioceptive acuity; it has been shown to be an in-
fluencing factor in some studies [15, 21–24] but not in other stud-
ies [23, 25]. To progress the clinical implementation of a standard-
ized JPS test, the aim of this study was to investigate the effects of 
body orientation, movement direction, and limb dominance on 
knee angle reproduction errors measured in an active contralater-
al knee angle reproduction test. It was hypothesized reproduction 
errors to deviate under varying test conditions.

Abbreviations

AAE	 Absolute angular error
ANOVA	 Analysis of variance
CI	 Confidence interval
JPS	 Joint position sense
LMM	 Linear mixed model

Materials and Methods
An observational clinical trial with blinded outcome assessors was 
performed in January 2024. The subject recruitment extended from 
October to December 2023. Due to the study’s design, no follow-
up was required. The study was conducted in accordance with the 
Declaration of Helsinki of 1964 and its later amendments or com-
parable ethical standards and was approved by the Institutional 
Ethics Boards of the German Sport University Cologne and the Uni-
versity of Hamburg. The experimental design was preregistered on 
the Open Science Framework (DOI 10.17605/OSF.IO/AFWRP) and 
adhered to the Strengthening the Reporting of Observational Stud-
ies in Epidemiology guidelines [26]. The subjects were recruited 
through voluntary participation. Computer-generated tables were 
used to determine the order in which the subjects were exposed 
to the following test conditions: extension versus flexion (direc-
tion), sitting versus laying (position), and the dominant leg adjust-
ing to the target angle versus the dominant leg setting the refer-
ence angle (simulation). All standardized assessments were per-
formed by a graduated exercise/sport scientist. All data were 
collected at the German Sport University Cologne. To determine 
the required sample size, the statistical power was set at 0.80 and 
the effect size was set at d = 0.60, based on previous research 
[7, 8, 20, 27, 28]. A priori power analysis resulted in a required sam-
ple size of at least 20 subjects (G*Power, Version 3.1.9.4). The ex-
clusion criteria were physical limitations, such as a general neuronal 
disease or a history of muscles, ligaments, tendons, or bone injury 
in the lower extremities. Furthermore, the subjects were not al-
lowed to have chronical diseases which could lead to sensory dis-
functions. Each subject provided a written informed consent for 
the participation, data collection, and image publication prior to 
enrolment.

JPS test
Prior to testing, the subjects were familiarized with the study pro-
tocol via standardized verbal instructions. The active contralateral 
knee angle reproduction test was performed over five trials in two 
different positions: sitting and prone. The subjects were blindfold-
ed to prevent the visual feedback bias. Each lower leg was passive-
ly moved from a starting point of knee flexion (starting angle of 
90 °) or knee extension (starting angle of 0 °) to a random target 
angle between 50 ° and 70 °. To minimize detection and perfor-
mance bias, the subjects were retrospectively asked about their 
dominant side. Under all conditions, the subject’s knee joint was 
passively moved at a slow speed by the examiner. Once the exam-
iner had brought the knee to the target angle, the subject had to 
hold the knee position without further assistance of the examiner. 
The subject was asked to actively reproduce the target angle with 
the contralateral leg while the other leg remains in the reference 
position. The subject stopped moving the leg when they perceived 
that the target angle had been replicated and gave a verbal signal. 
The knees were maintained at the final angles for approximately 3 
s. Subjects were not permitted to adjust the angle of the contralat-
eral leg after they signaled that they had replicated the target 
angle. During the test, each subject laid or sat on an adjustable 
physiotherapy bench. In the seated position, approximately 5 cm 
of an overhang of the leg was instigated to minimize cutaneous 
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cues. Testing was conducted in a quiet and isolated room, and the 
subjects wore loose-fitting shorts to minimize external stimulation. 
To minimize proprioceptive transfer between consecutive tests, 
subjects walked around for approximately 2 min between tests. 
The lateral knee joint cavity on both legs was marked at the begin-
ning of the test session and remained unchanged between trials. 
An electrical goniometer (Vernier Software & Technology, Dynat-
ech) was attached to the lower limb, and a fulcrum was aligned with 
the lateral knee joint line. One arm of the goniometer was posi-
tioned parallel to the line joining the greater trochanter and the 
fulcrum, while the other arm was positioned along the line joining 
the fulcrum and the lateral malleolus. The reliability of comparable 
active contralateral test procedures was found to be fair to good 
for the prone (intraclass correlation coefficient [ICC]: 0.50–0.68) 
and sitting positions (ICC: 0.26–0.65) [16]. Inter-rater and intra-
rater reliabilities using a long arm goniometer were found to be 
high (ICC:  >  0.98) [29].

Outcome measures
The outcome measure was the absolute angular error (AAE), meas-
ured in degrees ( °). To calculate the mean AAE, the absolute differ-
ences between the target angles and the actual produced angles 
were calculated.

Statistical analysis
Statistical analyses were performed using R (Version 4.3.2). Statis-
ticians were blinded to the different test procedures. Data were 
checked for missing values, distributions, and outliers and descrip-
tively summarized as means ± standard deviations (SDs), standard 
errors (SEs), and 95 % confidence intervals (CIs). Statistical outliers 
were calculated by Z-scores and excluded if  ≥ 1.96 SD [30]. Homo-
geneity of variance was tested using the Levene test. To account 
for the repeated measures and potential subject-specific variations, 
a linear mixed model (LMM) was employed. The fixed effects in-
cluded the body orientation, the direction of movement, and limb 
dominance and the individual subjects were modelled as random 
effects. An analysis of variance (ANOVA) was conducted using Sat-
terthwaite’s method to examine the overall differences and inter-
action effects among the body orientation, the direction of move-
ment, and limb dominance. The dependent variable was the AAE 
and the independent variables were the body orientation, the di-
rection of movement and limb dominance. When the overall 
ANOVA indicated significance, post hoc Tukey’s HSD tests were ap-

plied to further explore pairwise differences. Any missing data were 
addressed using listwise deletion. P-values less than 0.05 were con-
sidered to indicate a statistical significance (α = 0.05). The effect 
size was calculated and interpreted as Cohen’s d for small (0.20), 
medium (0.50), or large (0.80) effects.

Results

Descriptive statistics
The study included 54 healthy subjects (mean ± SD, age: 26 ± 5 
years, height: 174 ± 11 cm, body mass: 69.9 ± 14.4 kg, and Tegner 
activity score: 5.8 ± 1.9; 20 males and 34 females). There were no 
dropouts. The AAE values associated with the different body posi-
tions, directions of movement, and uses of the dominant leg are 
shown in ▶Table 1.

Influences of the body orientation, the direction of 
movement and limb dominance on the resulting 
angular error
Investigation of the residual plots from the LMM analysis did not 
indicate any relevant deviations from the testing assumption, sug-
gesting homoscedasticity. However, posterior predictive checks 
indicated that the simulated and observed data differed. To im-
prove the model fit, the AAE values were root-mean square trans-
formed. Subsequent model checking indicated an improvement in 
the model fit, but did not alter the interpretation of the analysis re-
sults. Thus, further analysis was performed using the raw AAE val-
ues. However, to guard against erroneous interpretations of the 
statistical significance, the α-level was lowered to 0.01. The results 
of the ANOVA based on the LMM model fit indicated several statis-
tically significant effects. The main effects for the body orientation 
(F(1, 54) = 23.53, p  <  0.001) and limb dominance (F(1, 1977) = 8.44, 
p = 0.004) were statistically significant, whereas for the direction 
of movement (F(1, 54) = 6.28, p = 0.015) no statistically significant 
effect was found. The interaction effects for the body position by 
limb dominance (F(1, 1977) = 12.80, p  <  0.001) was statistically 
significant. The movement direction by the body position (F(1, 
54) = 0.02, p = 0.875) and the movement direction by limb domi-
nance (F(1, 1977) = 4.34, p = 0.036) were not found to be statisti-
cally significant (▶Fig. 1).

▶Table 1	  Absolute reproduction errors recorded in a knee angle reproduction test in which specific conditions were varied (n = 54).

Position Type Direction Mean ( °) SD ( °) Min ( °) Max ( °)

Prone dom_adj Ex 5.52 3.80 0.01 18.64

Prone dom_adj Flex 5.26 4.61 0.10 27.78

Prone dom_ref Ex 6.05 3.83 0.09 17.71

Prone dom_ref Flex 4.52 3.39 0.00 14.26

Sitting dom_adj Ex 7.78 5.70 0.03 24.87

Sitting dom_adj Flex 7.05 5.07 0.09 20.57

Sitting dom_ref Ex 8.89 6.90 0.03 31.59

Sitting dom_ref Flex 8.05 5.91 0.20 26.07

Abbreviations: dom_adj, the dominant leg was adjusted to replicate the target angle; dom_ref, the dominant leg was set at the reference angle; ex, 
extension; flex, flexion; Max, the highest absolute angular error; Min, the lowest absolute angular error.
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Differences between the dominant and 
nondominant limbs
Following the identification of significant interaction effects, Tukey’s 
HSD tests were conducted to further explore the specific differences 
between the groups. Post hoc testing for the body orientation when 
controlling for limb dominance revealed a statistically significant dif-
ference of Δ = 3.2 ° for the body position when the dominant limb was 
the reference leg (t(1,64) =  − 5.68, SE = 0.56 [95 % CI: − 4.30, − 2.06], 
p  <  0.001, d =  − 0.53 [95 % CI: − 0.83, − 0.24]) and when the nondom-
inant limb was the reference leg (t(1,64) =  − 3.61, SE = 0.56 [95 % 
CI: − 3.14, − 0.904], p = 0.0006, d = 0.84 [95 % CI: − 1.13, − 0.54]). A 
lower AAE resulted when subjects were in the prone position com-
pared to the seated position (dominant limb: Δ =  − 3.2 and nondomi-
nant limb: Δ =  − 2.0). In contrast, post hoc testing revealed no statisti-
cally significant difference in the prone position between the domi-
nant limb and the nondominant limb for the reference leg 
(t(1,1977) = 0.48, SE = 0.23 [95 % CI: − 0.341, 0.56], p = 0.63, d =  − 0.03 
[95 % CI: − 0.09, 0.15]). In the sitting position, there was a statistically 
significant difference between the dominant and nondominant limbs 
for the reference leg (t(1,1977) =  − 4.58, SE = 0.23 [95 % 
CI: − 1.50, − 0.60], p  <  0.001, d =  − 0.28 [95 % CI: − 0.40, − 0.16]) with 
a 1.1 ° lower AAE when the nondominant limb served as the refer-
ence leg (▶Fig. 2).

Discussion
The aim of this study was to investigate the influence of the body 
orientation, the direction of movement, and limb dominance on 
the AAE in an active knee angle reproduction test as a measure for 

proprioceptive acuity. It was hypothesized that there would be sig-
nificant differences in the AAE when the testing conditions varied. 
Furthermore, it was assumed that a different AAE would result 
when the dominant limb was used as the reference leg compared 
to the nondominant limb. The results indicated that the body ori-
entation and limb dominance were the main factors that influenced 
the AAE. The reproduction error values were significantly higher in 
the seated position compared to those in the prone position. The 
effect sizes (d = 0.50–0.80) and differences in the AAE values re-
corded in the two positions demonstrated that the body position 
had a clinically important effect, independent of the dominance of 
the reference leg. Furthermore, the present study showed that the 
dominance of the reference limb had a significant impact on the 
resulting AAE in the sitting position but not in the prone position. 
The AAE was significant when the dominant limb was the reference 
leg. However, the AAE values differed by only 1 ° (95 % CI: 0.6 °, 
1.5 °), and the effect size was small (d = 0.28). According to the re-
cent literature, this small difference between the target and repro-
duction angles might not be clinically relevant [25, 31].

The present findings are of great practical relevance because 
numerous studies that have been conducted to evaluate knee pro-
prioception in healthy subjects have lacked validity and compara-
bility due to the use of different testing procedures [1, 7, 16, 32]. 
Furthermore, no previous study has evaluated the influence of leg 
dominance on the AAE in combination with different body posi-
tions or the direction of the knee movement in a JPS test.

Based on the present results, the ability to reproduce knee an-
gles is seemingly connected to the position applied in the test pro-
tocols. This has also been highlighted by other recent studies, which 
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▶Fig. 1	 Boxplot of the difference in the knee angle reproduction error between the prone and seated positions: dom_adj, the dominant leg was 
adjusted to replicate the target angle; dom_ref, the dominant leg was set at the reference angle.
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have shown that reproduction errors are significantly different 
when testing is conducted under different conditions [7, 14–
16, 20]. Furthermore, the present results are in line with the recent 
literature on limb dominance that shows that the results of propri-
oceptive tests (e.g., return to sports, y-balance, or JPS tests) are de-
pendent on limb dominance [33, 34]. Wieber et al. demonstrated 
that the body orientation and the movement direction influence 
the resulting AAE in healthy subjects but did not control for limb 
dominance [7]. Other studies on lateral dominance have shown 
that there are differences between the dominant and non-domi-
nant legs in an active JPS test [24, 35]. A possible reason for the dif-
ferences in the AAE when the movement direction and body posi-
tion are varied could be the influence of gravity [36]. The effect of 
gravity on the hamstrings and quadriceps muscle varies between 
the sitting and prone positions. In the prone position, gravity-in-
duced torques are greatest on hamstrings, whereas in the seated 
position they are greatest on the quadriceps muscle [36]. Because 
the motor unit recruitment differs between the two positions, it is 
expected that the muscle activity present in the two positions also 
differs and that the proprioceptive information available in the 
prone position is different from that available in the seated posi-
tion [10, 37, 38]. When moving against gravity, the concentric mus-
cular strain and load on the joint structures is greater [19]. This is 
also due to the increased activation of the muscle spindles and the 
Golgi tendon organ during the contraction of the concentric quadri-
ceps muscle [19].

Furthermore, proprioceptive abilities and the resulting move-
ment patterns are dependent on the tactile feedback [39]. In a seat-
ed position, the site of the tactile feedback is primarily the back of 
the thigh, whereas in a prone position, the tactile feedback sites 

are more likely to be the front of the thighs and the patellae [40]. 
Hence, subjects receive different tactile feedbacks when they are 
in the prone and seated positions. In addition, when a subject is in 
the prone position, more of their body is in contact with the ortho-
pedic bench, and therefore, they receive additional afferent inputs 
from cutaneous receptors located in other muscles of the lower 
limb [13]. These inputs may influence the knee’s proprioceptive 
input, resulting in a more accurate perception of the knee joint 
angle in the prone position. Another possible reason for the differ-
ences in the AAE recorded in the prone and seated positions could 
be the difference in the body’s position in space, especially the po-
sition of the head (upright in the seated position vs. horizontal in 
the prone position) [41].

To date, both positive and negative findings have been obtained 
regarding limb dominance; therefore, whether limb dominance in-
fluences knee proprioception among healthy subjects remains 
questionable. Most of the available scientific evidence is somewhat 
limited due to a primary focus on the upper extremities. However, 
considering that each brain region predominantly controls the limb 
on the opposite side; this implies that lateralized brain activity is a 
consistent feature in proprioceptive tasks, regardless of limb dom-
inance [42–44]. Multiple investigations conducted to explore brain 
activity during joint position matching tasks have consistently high-
lighted a prevalence of right hemisphere activation, irrespective of 
the active leg [24, 35]. However, it is worth noting that conflicting 
evidence exists: other studies have demonstrated no significant 
differences between the dominant and nondominant sides [33, 45–
48]. Limb dominance has also been shown to be strongly related 
to physical activity and the extremities that individuals use when 
they are participating in sports or specific disciplines [33]. Others 
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who have compared the angular reproduction performance of 
trained and untrained participants have noted variations in both 
dominant and nondominant limbs [19, 21]. Nevertheless, it is dif-
ficult to determine the effect of limb dominance in a task with which 
subjects are unfamiliar [49]. Engagement in training has the po-
tential to positively influence the adaptations of muscle spindles 
and induce changes in the central nervous system, including the 
enhancement of synaptic connections [21]. Within the scope of 
the present study, the subjects exhibited physical activity, as evi-
denced by the Tegner activity scale [50].

Limitations
In the present study, no correlation analysis was conducted be-
tween physical activity, types of sports (e.g., predominantly upper 
body or lower body involved) or the training load and JPS accuracy. 
The potential causal relationship between the type and the train-
ing load/intensity of sports or physical activity and the JPS could 
be a point for discussion. This aspect remains an intriguing area for 
further investigation. A further limitation is that the JPS test used 
may not fully capture comprehensive sensorimotor performance 
during functional tasks involving multi joint movements in a 
weight-bearing setting. The methodology adopted for measuring 
the articular range of motion does not ensure the minimization of 
measurement errors deriving from the potential three-dimension-
al motion of the joints. We intentionally selected the utilized meth-
odology due to its similarity to the return-to-sports tests used after 
knee injuries, which are mostly conducted in a non-weight bearing 
setting and without cost-intensive equipment [25, 31]. Therapeu-
tic assessment involving weight-bearing tasks may not always be 
feasible, particularly during the acute phase of injury [33]. It is con-
ceivable that a more challenging task could have elicited differenc-
es in the resulting AAE, but the results of this study therefore pro-
vide higher generalizability to the JPS measurement of patients 
during rehabilitation. The AAE was the main outcome measure-
ment parameter assessed. Further parameters, for example the 
variable error, still provide an indication of the accuracy of the 
measurement but were not included as the AAE has proven to be 
a more reliable parameter in the recent literature on the JPS 
[15, 16]. Furthermore, a causal relationship can be generalized to 
different times, but lower generalizability for different users due to 
the standardized complex application of the device. Furthermore, 
the subjects had to perform the JPS test at a self-selected pace. It 
is worth noting that movement velocity may influence neuromus-
cular activity and thus potentially affect the resulting AAE [33, 37].

Future studies could be conducted on possible deviations in the 
knee angle reproduction error between injured and non-injured 
sides with regard to the limb dominance and what influence a par-
ticular type of sport may have on limb dominance and propriocep-
tion in the knee.

Conclusions
The aim of this study was to investigate the influences of body ori-
entation, direction of movement, and limb dominance on the knee 
angle reproduction error in an active JPS test as a measure of pro-
prioceptive acuity. The body orientation was found to greatly influ-
ence the knee angle reproduction error, showing that reproduc-

tion failure is greater in a sitting position than in a prone position, 
especially if the dominant limb is chosen as the reference leg. Prac-
titioners are advised to use standardized test procedures to pro-
gress their clinical value and implement in daily practice. The re-
sults obtained in different settings should be critically analyzed; di-
rectly comparing the results obtained in the prone and sitting 
positions is not recommended. However, the dominance of the ref-
erence limb might be relevant when testing patients and compar-
ing healthy and injured knees. Future studies should focus on pos-
sible differences in the knee angle reproduction error between the 
injured and non-injured sides with regard to limb dominance.

Clinical Trial

Registration number (trial ID): https://doi.org/10.17605/OSF.IO/
AFWRP (OSF-Open Science Framework), Trial registry: German Clinical 
Trials Register (https://drks-neu.uniklinik-freiburg.de/), Type of Study: 
Prospective observational study.

Acknowledgement

The funding agreement between Thieme and the German Sport 
University Cologne allows the authors to cover the cost of publishing 
their article as Open Access. 

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1]	 Han J, Waddington G, Adams R, Anson J, Liu Y. Assessing 
proprioception: A critical review of methods. J Sport Health Sci 2016; 
5: 80–90. DOI: 10.1016/j.jshs.2014.10.004

[2]	 Hillier S, Immink M, Thewlis D. Assessing Proprioception: A Systematic 
Review of Possibilities. Neurorehabil Neural Repair 2015; 29: 933–949. 
DOI: 10.1177/1545968315573055

[3]	 Fleming JD, Ritzmann R, Centner C. Effect of an Anterior Cruciate 
Ligament Rupture on Knee Proprioception Within 2 Years After 
Conservative and Operative Treatment: A Systematic Review with 
Meta-Analysis. Sports Med 2022; 52: 1091–1102. DOI: 10.1007/
s40279-021-01600-z

[4]	 Molaee F, Shahmir M, Oliveira R et al. Can acute mobilization and 
oscillation training profit on the joint position sense and strength of 
the rotator cuff muscles in young tennis players? Retos 2024; 58: 
534–545. DOI: 10.47197/retos.v58.107868

[5]	 Lins CADA, Macedo LDB, Silveira RAG, Borges D.T., Brasileiro J.S. 
Influence of cryotherapy on balance and joint position sense in healthy 
subjects: randomized clinical trial. Man Ther Posturology Rehabil J 
2015; 13: 1–6. DOI: 10.17784/mtprehabJournal.2015.13.276

[6]	 Smith TO, Davies L, Hing CB. A systematic review to determine the 
reliability of knee joint position sense assessment measures. Knee 
2013; 20: 162–169. DOI: 10.1016/j.knee.2012.06.010

427

https://doi.org/10.1016/j.jshs.2014.10.004
https://doi.org/10.1177/1545968315573055
https://doi.org/10.1177/1545968315573055
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.1007/s40279-021-01600-z
https://doi.org/10.47197/retos.v58.107868
https://doi.org/10.17784/mtprehabJournal.2015.13.276
https://doi.org/10.1016/j.knee.2012.06.010


Wieber J et al. Knee angle reproduction tests:…  Int J Sports Med 2025; 46: 422–429 | © 2025. The Author(s).

Training & Testing Thieme

[7]	 Wieber J, Brandt J, Pieper M et al. Effects of body orientation and 
direction of movement on a knee joint angle reproduction test in 
healthy subjects: An experimental study. Technol Health Care 2023; 
31: 1567–1578. DOI: 10.3233/THC-220747

[8]	 Elangovan N, Herrmann A, Konczak J. Assessing Proprioceptive 
Function: Evaluating Joint Position Matching Methods Against 
Psychophysical Thresholds. Phys Ther 2014; 94: 553–561. DOI: 
10.2522/ptj.20130103

[9]	 Lokhande MV, Shetye J, Mehta A, Deo MV. Assessment of Knee Joint 
Proprioception in Weight Bearing and in Non-Weight Bearing Positions 
in Normal Subjects. JKIMSU 2013; 2: 94–101

[10]	 Suner-Keklik S, Cobanoglu-Seven G, Kafa N, Ugurlu M., Guzel NA. The 
Validity and Reliability of Knee Proprioception Measurement 
Performed With Inclinometer in Different Positions. J Sport Rehabil 
2017; 26: 1–18. DOI: 10.1123/jsr.2017-0010

[11]	 Vila-Chã C, Riis S, Lund D, Møller A, Farina D, Falla D. Effect of 
unaccustomed eccentric exercise on proprioception of the knee in 
weight and non-weight bearing tasks. J Electromyogr Kinesiol 2011; 
21: 141–147. DOI: 10.1016/j.jelekin.2010.10.001

[12]	 Naseri N, Pourkazemi F. Difference in knee joint position sense in 
athletes with and without patellofemoral pain syndrome. Knee Surg 
Sports Traumatol Arthrosc 2012; 20: 2071–2076. DOI: 10.1007/
s00167-011-1834-0

[13]	 Birmingham TB, Kramer JF, Inglis JT et al. Effect of a Neoprene Sleeve 
on Knee Joint Position Sense During Sitting Open Kinetic Chain and 
Supine Closed Kinetic Chain Tests. Am J Sports Med 1998; 26: 
562–566. DOI: 10.1177/03635465980260041601

[14]	 Clark NC, Akins JS, Heebner NR et al. Reliability and measurement 
precision of concentric-to-isometric and eccentric-to-isometric knee 
active joint position sense tests in uninjured physically active adults. 
Phys Ther in Sport 2016; 18: 38–45. DOI: 10.1016/j.ptsp.2015.06.005

[15]	 Relph N, Herrington L. Interexaminer, Intraexaminer, and Test-Retest 
Reliability of Clinical Knee Joint-Position-Sense Measurements Using an 
Image-Capture Technique. J Sport Rehabil 2015; 24: 2013–0134. DOI: 
10.1123/jsr.2013-0134

[16]	 Olsson L, Lund H, Henriksen M et al. Test–retest reliability of a knee joint 
position sense measurement method in sitting and prone position. Adv 
Physiother 2004; 6: 37–47. DOI: 10.1080/14038190310009894

[17]	 Wilke C, Froböse I. Quantifizierung propriozeptiver Leistungen von 
Kniegelenken. Dtsch Z Sportmed 2003; 2: 9–12

[18]	 Mir SM, Hadian M-R, Talebian S, Nasseri N. Functional assessment of 
knee joint position sense following anterior cruciate ligament 
reconstruction. Br J Sports Med 2008; 42: 300–303. DOI: 10.1136/
bjsm.2007.044875

[19]	 Relph N, Herrington L. The effects of knee direction, physical activity 
and age on knee joint position sense. Knee 2016; 23: 393–398. DOI: 
10.1016/j.knee.2016.02.018

[20]	 Larsen R, Lund H, Christensen R, Røgind H. Danneskiold-Samsøe B., 
Bliddal H. Effect of static stretching of quadriceps and hamstring 
muscles on knee joint position sense. Br J Sports Med 2005; 39: 
43–46. DOI: 10.1136/bjsm.2003.011056

[21]	 Azevedo J, Rodrigues S, Seixas A. The influence of sports practice, 
dominance and gender on the knee joint position sense. Knee 2021; 
28: 117–123. DOI: 10.1016/j.knee.2020.11.013

[22]	 Voight ML, Hardin JA, Blackburn TA, Tippett S., Canner G.C. The Effects 
of Muscle Fatigue on and the Relationship of Arm Dominance to 
Shoulder Proprioception. J Orthop Sports Phys Ther 1996; 23: 
348–352. DOI: 10.2519/jospt.1996.23.6.348

[23]	 Cug M, Wikstrom EA, Golshaei B, Kirazci S. The Effects of Sex, Limb 
Dominance, and Soccer Participation on Knee Proprioception and 
Dynamic Postural Control. J Sport Rehabil 2016; 25: 31–39. DOI: 
10.1123/jsr.2014-0250

[24]	 Galamb K, Szilágyi B, Magyar O et al. Effects of side-dominance on 
knee joint proprioceptive target-matching asymmetries. Acta Physiol 
Hung 2018; 105: 257–265. DOI: 10.1556/2060.105.2018.3.22

[25]	 Busch A, Blasimann A, Mayer F, Baur H. Alterations in sensorimotor 
function after ACL reconstruction during active joint position sense 
testing. A systematic review. PLoS One 2021; 16: e0253503. DOI: 
10.1371/journal.pone.0253503

[26]	 Von Elm E, Altman DG, Egger M et al. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. Lancet 2007; 370: 
1453–1457. DOI: 10.1016/S0140-6736(07)61602-X

[27]	 Deshpande N, Connelly DM, Culham EG, Costigan PA. Reliability and 
validity of ankle proprioceptive measures. Arch Phys Med Rehabil 
2003; 84: 883–889. DOI: 10.1016/S0003-9993(03)00016-9

[28]	 Gonzales TI, Goble DJ. Short-Term Adaptation of Joint Position Sense 
Occurs during and after Sustained Vibration of Antagonistic Muscle 
Pairs. Front Hum Neurosci 2014; 8: 896. DOI: 10.3389/
fnhum.2014.00896

[29]	 Hancock GE, Hepworth T, Wembridge K. Accuracy and reliability of 
knee goniometry methods. J Exp Ortop 2018; 5: 46. DOI: 10.1186/
s40634-018-0161-5

[30]	 Aguinis H, Gottfredson RK, Joo H. Best-Practice Recommendations for 
Defining, Identifying, and Handling Outliers. Organ Res Methods 2013; 
16: 270–301. DOI: 10.1177/1094428112470848

[31]	 Gokeler A, Benjaminse A, Hewett TE et al. Proprioceptive deficits after 
ACL injury: are they clinically relevant. Br J Sports Med 2012; 46: 
180–192. DOI: 10.1136/bjsm.2010.082578

[32]	 Wieber J, Müller-Rahmel L, Reer R, Rein R, Braunstein B. Factors that 
influence the angular error in active knee angle reproduction tests: A 
systematic review and meta-analysis. J Exp Orthop 2024; 11: e12091. 
DOI: 10.1002/jeo2.12091

[33]	 Busch A, Bangerter C, Mayer F, Baur H. Reliability of the active knee 
joint position sense test and influence of limb dominance and sex. Sci 
Rep 2023; 13: 152. DOI: 10.1038/s41598-022-26932-2

[34]	 Schorderet C, Hilfiker R, Allet L. The role of the dominant leg while 
assessing balance performance. A systematic review and meta-
analysis. Gait Posture 2021; 84: 66–78. DOI: 10.1016/j.
gaitpost.2020.11.008

[35]	 Strong A, Grip H, Arumugam A, Boraxbekk CJ, Selling J, Häger CK. 
Right hemisphere brain lateralization for knee proprioception among 
right-limb dominant individuals. Front Hum Neurosci 2023; 17: 
969101. DOI: 10.3389/fnhum.2023.969101

[36]	 Worringham CJ, Stelmach GE. The contribution of gravitational torques 
to limb position sense. Exp Brain Res 1985; 61: 38–42. DOI: 10.1007/
BF00235618

[37]	 Wakeling JM, Uehli K, Rozitis AI. Muscle fibre recruitment can respond 
to the mechanics of the muscle contraction. J R Soc Interface 2006; 3: 
533–544. DOI: 10.1098/rsif.2006.0113

[38]	 Proske U, Gandevia SC. The Proprioceptive Senses: Their Roles in 
Signaling Body Shape, Body Position and Movement, and Muscle 
Force. Physiol Rev 2012; 92: 1651–1697. DOI: 10.1152/
physrev.00048.2011

[39]	 Macefield VG, Norcliffe-Kaufmann L, Goulding N, Palma JA. Fuente 
Mora C, Kaufmann H. Increasing cutaneous afferent feedback 
improves proprioceptive accuracy at the knee in patients with sensory 
ataxia. J Neurophysiol 2016; 115: 711–716. DOI: 10.1152/
jn.00148.2015

[40]	 Stone KD, Keizer A, Dijkerman HC. The influence of vision, touch, and 
proprioception on body representation of the lower limbs. Acta 
Psychol 2018; 185: 22–32. DOI: 10.1016/j.actpsy.2018.01.007

428

https://doi.org/10.3233/THC-220747
https://doi.org/10.2522/ptj.20130103
https://doi.org/10.2522/ptj.20130103
https://doi.org/10.1123/jsr.2017-0010
https://doi.org/10.1016/j.jelekin.2010.10.001
https://doi.org/10.1007/s00167-011-1834-0
https://doi.org/10.1007/s00167-011-1834-0
https://doi.org/10.1177/03635465980260041601
https://doi.org/10.1016/j.ptsp.2015.06.005
https://doi.org/10.1123/jsr.2013-0134
https://doi.org/10.1123/jsr.2013-0134
https://doi.org/10.1080/14038190310009894
https://doi.org/10.1136/bjsm.2007.044875
https://doi.org/10.1136/bjsm.2007.044875
https://doi.org/10.1016/j.knee.2016.02.018
https://doi.org/10.1016/j.knee.2016.02.018
https://doi.org/10.1136/bjsm.2003.011056
https://doi.org/10.1016/j.knee.2020.11.013
https://doi.org/10.2519/jospt.1996.23.6.348
https://doi.org/10.1123/jsr.2014-0250
https://doi.org/10.1123/jsr.2014-0250
https://doi.org/10.1556/2060.105.2018.3.22
https://doi.org/10.1371/journal.pone.0253503
https://doi.org/10.1371/journal.pone.0253503
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0003-9993(03)00016-9
https://doi.org/10.3389/fnhum.2014.00896
https://doi.org/10.3389/fnhum.2014.00896
https://doi.org/10.1186/s40634-018-0161-5
https://doi.org/10.1186/s40634-018-0161-5
https://doi.org/10.1177/1094428112470848
https://doi.org/10.1136/bjsm.2010.082578
https://doi.org/10.1002/jeo2.12091
https://doi.org/10.1002/jeo2.12091
https://doi.org/10.1038/s41598-022-26932-2
https://doi.org/10.1016/j.gaitpost.2020.11.008
https://doi.org/10.1016/j.gaitpost.2020.11.008
https://doi.org/10.3389/fnhum.2023.969101
https://doi.org/10.1007/BF00235618
https://doi.org/10.1007/BF00235618
https://doi.org/10.1098/rsif.2006.0113
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1152/physrev.00048.2011
https://doi.org/10.1152/jn.00148.2015
https://doi.org/10.1152/jn.00148.2015
https://doi.org/10.1016/j.actpsy.2018.01.007


Wieber J et al. Knee angle reproduction tests:…  Int J Sports Med 2025; 46: 422–429 | © 2025. The Author(s).

[41]	 Liu JZ, Kubo M, Aoki H, Liu N, Kou PH, Suzuki T. A Study on the 
Difference of Human Sensation Evaluation to Whole-body Vibration in 
Sitting and Lying Postures. J Physiol Anthropol 1995; 14: 219–226. 
DOI: 10.2114/ahs.14.219

[42]	 Naito E, Roland PE, Grefkes C et al. Dominance of the Right 
Hemisphere and Role of Area 2 in Human Kinesthesia. J Neurophysiol 
2005; 93: 1020–1034. DOI: 10.1152/jn.00637.2004

[43]	 Goble DJ. Proprioceptive Acuity Assessment Via Joint Position 
Matching: From Basic Science to General Practice. Phys Ther 2010; 90: 
1176–1184. DOI: 10.2522/ptj.20090399

[44]	 Vulliemoz S, Raineteau O, Jabaudon D. Reaching beyond the midline: 
why are human brains cross wired? Lancet Neurol 2005; 4: 87–99. 
DOI: 10.1016/S1474-4422(05)00990-7

[45]	 Naughton J, Adams R, Maher C. Discriminating Overhead Points of 
Contact after Arm Raising. Percept Mot Skills 2002; 95: 1187–1195. 
DOI: 10.2466/pms.2002.95.3f.1187

[46]	 Roy EA, MacKenzie C. Handedness Effects in Kinesthetic Spatial 
Location Judgements. Cortex 1978; 14: 250–258. DOI: 10.1016/
S0010-9452(78)80051-3

[47]	 Han J, Anson J, Waddington G, Adams R. Proprioceptive performance 
of bilateral upper and lower limb joints: side-general and site-specific 
effects. Exp Brain Res 2013; 226: 313–323. DOI: 10.1007/s00221-013-
3437-0

[48]	 Bullock-Saxton JE, Wong WJ, Hogan N. The influence of age on 
weight-bearing joint reposition sense of the knee. Exp Brain Res 2001; 
136: 400–406. DOI: 10.1007/s002210000595

[49]	 Van Melick N, Meddeler BM, Hoogeboom TJ, Nijhuis-van der Sanden 
M, van Cingel R. How to determine leg dominance: The agreement 
between self-reported and observed performance in healthy adults. 
PLoS One 2017; 12: e0189876. DOI: 10.1371/journal.pone.0189876

[50]	 Tegner Y, Lysholm J.  Rating systems in the evaluation of knee ligament 
injuries. Classic Papers in Orthopaedics. Clin Orthop Relat Res. 1985; 
198: 43–49. DOI: 10.1097/00003086-198509000-00007

429

https://doi.org/10.2114/ahs.14.219
https://doi.org/10.2114/ahs.14.219
https://doi.org/10.1152/jn.00637.2004
https://doi.org/10.2522/ptj.20090399
https://doi.org/10.1016/S1474-4422(05)00990-7
https://doi.org/10.1016/S1474-4422(05)00990-7
https://doi.org/10.2466/pms.2002.95.3f.1187
https://doi.org/10.2466/pms.2002.95.3f.1187
https://doi.org/10.1016/S0010-9452(78)80051-3
https://doi.org/10.1016/S0010-9452(78)80051-3
https://doi.org/10.1007/s00221-013-3437-0
https://doi.org/10.1007/s00221-013-3437-0
https://doi.org/10.1007/s002210000595
https://doi.org/10.1371/journal.pone.0189876
https://doi.org/10.1097/00003086-198509000-00007

