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Background: The joint position sense (JPS) is an element of proprioception and defined as an individual’s ability to recognize joint
position in space. The JPS is assessed by measuring the acuity of reproducing a predetermined target angle. The quality of
psychometric properties of knee JPS tests after anterior cruciate ligament reconstruction (ACLR) is uncertain.

Purpose/Hypothesis: The purpose of this study was to evaluate the test-retest reliability of a passive knee JPS test in patients
who underwent ACLR. We hypothesized that the passive JPS test would produce reliable absolute error, constant error, and
variable error estimates after ACLR.

Study Design: Descriptive laboratory study.

Methods: Nineteen male participants (mean age, 26.3 + 4.4 years) who had undergone unilateral ACLR within the previous
12 months completed 2 sessions of bilateral passive knee JPS evaluation. JPS testing was conducted in both the flexion (starting
angle, 0°) and the extension (starting angle, 90°) directions in the sitting position. The absolute error, constant error, and variable
error of the JPS test in both directions were calculated at 2 target angles (30° and 60° of flexion) by using the angle reproduction
method for the ipsilateral knee. The standard error of measurement (SEM), smallest real difference (SRD), and intraclass correlation
coefficients (ICCs) with 95% Cis were calculated.

Results: ICCs were higher for the JPS constant error (operated and nonoperated knee, 0.43-0.86 and 0.32-0.91, respectively)
compared with the absolute error (0.18-0.59 and 0.09-0.86, respectively) and the variable error (0.07-0.63 and 0.09-0.73,
respectively). The constant error of the 90°-60° extension test showed moderate to excellent reliability for the operated knee
(ICC, 0.86 [95% Cl, 0.64-0.94]; SEM, 1.63°; SRD, 4.53°), and good to excellent reliability for the nonoperated knee (ICC, 0.91 [95%
Cl, 0.76-0.96]; SEM, 1.53°; SRD, 4.24°).

Conclusion: The test-retest reliability of the passive knee JPS tests after ACLR varied depending on the test angle, direction, and
outcome measure (absolute error, constant error, or variable error). The constant error appeared to be a more reliable outcome
measure than the absolute error and the variable error, mainly during the 90°-60° extension test.

Clinical Relevance: As constant errors have been found reliable during the 90°-60° extension test, investigating these errors—in
addition to absolute and variable errors—to reflect bias in passive JPS scores after ACLR is warranted.
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An anterior cruciate ligament (ACL) tear is a common dev-
astating musculoskeletal injury, with an annual incidence
rate of 68.6 isolated injuries per 100,000 person-years in
the United States.?® ACL injuries are managed either with
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rehabilitation alone or with surgery and rehabilitation.?”
However, approximately 20% of athletes who return to
sport sustain a secondary ACL injury, regardless of
management.*8

As with other knee joint structures (menisci, joint
capsule, posterior cruciate and collateral ligaments, and
surrounding tendons),%® mechanoreceptors have been
identified in the ACL,%'3 suggesting a proprioceptive
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function for this ligament.! Proprioception is a term used to
describe the sense of position and movement, as well as the
sense of velocity, force, effort, and heaviness.'®?%22 Propri-
oception plays a very important role, along with the other
sensory systems, in executing motor tasks'® throughout the
process of anticipation (feedforward) before movement and
reactive adaptation (feedback) during movement.!”3

It is believed that ACL injury and ACL reconstruction
(ACLR) affect knee proprioception,?®?4*® which might be
associated with knee instability, poor biomechanics, and
impaired neuromuscular control,®%®2?° and further con-
tributing to an increased risk of reinjury and delayed
return to play.?! Therefore, addressing proprioception
training during ACL rehabilitation and prevention pro-
grams may help to avoid these consequences.”81%:18:29

The most commonly used submodalities to measure
the sense of position and movement are joint position
sense (JPS) and threshold to detect passive motion,
respectively.16:3%:35:4143 The JPS is defined as the indivi-
dual’s ability to recognize joint position in space,*! and it
is assessed by measuring the acuity of reproducing a
predetermined target angle.2%354! Several variables can
be manipulated to produce different protocols of knee
JPS testing: (1) method of angle reproduction—active
or passive; (2) direction of movement—extension or flex-
ion; (3) demonstrating limb—ipsilateral or contralateral,;
(4) body position—lying, sitting, or standing; (5) measured
range—starting angle and target angle; (6) weightbearing
status—weightbearing or nonweightbearing; (7) testing
instrument—eg, electrogoniometer or dynamometer; and
(8) outcome measures—absolute error, constant error, or
variable error.'®*3

There is a lack of consensus on which outcome measure
to use while quantifying JPS acuity. The absolute error is
the most commonly reported outcome measure in the liter-
ature. It provides the absolute amount of deviation of each
reproduced angle from a target angle regardless of the
direction of error and measures the overall performance
accuracy. The constant error provides the amount and
direction of deviation of each reproduced angle from a tar-
get angle and measures the performance bias (over- or
undershooting the target angle). The variable error pro-
vides the difference between each reproduced angle and the
individual’s mean error regardless of the score’s accuracy
and measures the performance consistency.?® Therefore,
adding the constant error and the variable error to the
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commonly used absolute error when reporting the JPS
error may augment the evaluation of an individual’s pro-
prioceptive sense.

To quantify the JPS, clinicians must use clinical tools
with a sufficient level of evidence to ensure their validity
and reliability. The psychometric properties of JPS
tests are not well-documented,'” particularly after ACL
injuries.344143 In their meta-analysis study in 2021,
Strong et al*® found a strong level of evidence, substanti-
ating sufficient quality for known groups and discrimina-
tive validity of knee JPS tests, specifically the passive JPS
tests. Nevertheless, they indicated an unknown level of
evidence to substantiate the quality of other psychometric
properties of knee JPS tests, including reliability. To our
knowledge, only 2 studies have investigated the test-retest
reliability of knee JPS tests (absolute error scores in the
extension direction) in patients who underwent ACLR.?>*7
Both of these studies reported high test-retest reliability but
had an “inadequate” risk-of-bias rating * based on their out-
comes when using the COnsensus-based Standards for the
Selection of health Measurement INstruments (COSMIN)
risk of-bias checklist.?®

The purpose of this study was to evaluate the test-retest
reliability of the absolute error, constant error, and variable
error for a passive knee JPS test in the flexion and extension
directions in patients after ACLR. It was hypothesized that
these JPS tests would produce reliable absolute error, con-
stant error, and variable error estimates in both directions
after ACLR.

METHODS
Study Design and Participant Recruitment

The study utilized a cross-sectional repeated-measures
design. We adhered to the guidelines for reporting reliabil-
ity and agreement studies®® for designing and reporting
this study. According to an a priori power analysis, we cal-
culated that a minimum of 19 participants would be
required to achieve an expected intraclass correlation coef-
ficient (ICC) value of 0.9 and a minimal acceptable value of
0.7, with a 95% confidence interval (CI) for 2 times repeated
test, given that o and f values were .05 and 0.20, respec-
tively.*” Thus, a convenience sample of 19 participants who
were undergoing or had completed postoperative
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rehabilitation after ACLR was recruited between March
and December 2021. Participants were active men aged
between 21 and 35 years who had undergone a primary
unilateral ACLR with a hamstring autograft during the
past 12 months. Participants were excluded if they were
within the first 3 months of postoperative rehabilitation,;
underwent a concomitant cartilage procedure and/or other
ligament reconstruction; underwent other operations of the
lower limbs within a year before the ACLR; and had knee
pain, swelling, and/or fear of movement (indicated by a
score of >37 on the Tampa Scale for Kinesiophobia®®) that
prevented completion of the test. Ethical approval was
obtained for the study protocol, and all participants signed
a written informed consent before data collection.

Testing Procedure

The knee JPS was assessed using the Biodex system 4
dynamometer (Biodex Medical Systems). Criterion validity
as well as trial-to-trial and day-to-day reliability of the Bio-
dex dynamometer for position testing have demonstrated
excellent correlations!! (ICC, 0.99-1). A qualified male
physical therapist (M.dJ.) assessed the participants’ eligibil-
ity, calibrated the dynamometer, provided a familiarization
session, conducted the tests, and collected the data for both
testing sessions for all participants.

At the time of recruitment, each eligible participant was
evaluated to ensure their ability to participate in the study.
Simultaneously, the participants’ characteristics and
anthropometric data were collected. Further, other self-
reported scores (numeric pain rating scale,*® Tegner activ-
ity scale,*® international knee documentation committee
score,®® and Tampa scale for kinesiophobia®?) were
obtained to evaluate the participants’ self-perceived knee
symptoms,?2364° function,?® and level of activity.?® There-
after, a familiarization session was conducted to demon-
strate and explain the testing protocols to participants.

Two days after recruitment, each participant attended
2 testing sessions 5 days apart but at the same time of
the day. Participants were asked to wear a blindfold to
eliminate visual input during the tests and to wear shorts
to avoid movement restriction. Participants were seated on
the dynamometer chair, with their back supported on an
85° inclined back rest and the popliteal fossa placed approx-
imately 5 cm from the chair, and the arms crossed on the
chest. The thigh of the tested limb was secured to the chair
by a strap. The dynamometer lever attachment was
secured approximately 5 cm above the lateral malleolus.
The dynamometer was calibrated according to the manu-
facturer’s guidelines.

The extension direction of the JPS test started by moving
the participant’s knee passively by the physical therapist
from the starting angle (90° of flexion) toward the target
angle (30° of flexion or 60° of flexion, randomly ordered)
(Figure 1, A-C). While the target angle was held for 5 sec-
onds,?%27 the participant was asked to memorize and
remember this angle before the knee was returned to the
same starting angle again passively by the physical thera-
pist. Next, the dynamometer passively moved the knee
toward extension at an angular velocity of 5 deg/s.2® The
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participant was instructed to press the hold button when he
felt that the target angle was reproduced (reproduced
angle). Similarly, the flexion direction of the JPS test fol-
lowed the same sequence, but the passive movements were
from the starting angle (0° of flexion) toward the target
angle (30° of flexion and 60° of flexion, randomly ordered)
(Figure 1, D-F). Six trials*® were repeated in an attempt to
reproduce each target angle per direction, totaling 24 trials
for each knee in each testing session. During each testing
session, a random selection for the testing order—operated
versus nonoperated limb; flexion versus extension direc-
tion; and 30° of flexion versus 60° of flexion target
angle—was determined by using the Spin The Wheel-Ran-
dom Picker mobile application (Version 2.5.9; Taurius Pet-
raitis). Table 1 shows the details of the testing protocol.

Outcome Measures

The following formulas were used to calculate the mean
absolute error and the mean constant error in flexion and
extension, where RA is the reproduced angle, TA is the
target angle, and n is the number of trials:

RA — TA
Mean absolute error = %,
. . RA-TA
Mean constant error in flexion = Zf?
. . TA — RA
Mean constant error in extension = ZT
Variable error was calculated as follows:

S (RAi — M)?

Variable error = e
where RA; is the score of the ith trial of interest and M is the
mean reproduced angle of the complete set of trials.?®

Statistical Analysis

Data normality was tested using the Shapiro-Wilk test. The
paired-samples ¢ test was used to compare the results
between both testing sessions.? Linear regression analyses
were performed to assess proportional bias with the differ-
ence and mean of both tests used as dependent and inde-
pendent variables, respectively. Test-retest reliability was
judged with the ICC (3, k) (2-way mixed, average measure,
absolute-agreement) in which the 95% CIs of the calculated
ICCs were interpreted®! as poor (<0.5), moderate (0.5 to
<0.75), good (0.75 to <0.9), or excellent (0.9-1). The stan-
dard error of measurement (SEM) was calculated to quan-
tify the measurement error using the following formula:
SEM = SDx./(1-ICC), where SD is the mean standard
deviation of both testing sessions.>® The smallest real dif-
ference (SRD) measure was calculated to interpret the dif-
ference between the observed scores at 95% CI using the
following formula: SRDgs; = 1.96 xSEM x \/2.4 All analyses
were completed using SPSS (Version 21.0; IBM). The sig-
nificance level was set at P < .05.



4 Jebreen et al

The Orthopaedic Journal of Sports Medicine

Figure 1. Top row: JPS test in extension. (A) Starting angle (90° of flexion). (B) Target angle (60° of flexion). (C) Target angle (30° of
flexion). (B) and (C) were randomly ordered. Bottom row: JPS test in flexion. (D) Starting angle (0° of flexion). (E) Target angle (30° of
flexion). (F) Target angle (60°of flexion). (E) and (F) were randomly ordered. JPS, joint position sense.

TABLE 1
Variables of the Testing Protocol
Variable Protocol
Method of angle reproduction Passive
Tested knee Both operated and nonoperated
Weightbearing status Nonweightbearing
Body position Sitting

Testing instrument
Demonstrating limb
Direction of movement

Biodex dynamometer
Ipsilateral
Extension, flexion

Starting angle 90° for extension, 0° for flexion
Target angles 30° and 60°of flexion

Angular velocity 5 deg/s

Memorization time for target angle 5 s

No. of trials per target angle 6

No. of testing sessions 2

Time between sessions 5d

Outcome measures Absolute error, constant error,

and variable error

RESULTS
Participant Characteristics

Nineteen male participants (mean age + SD, 26.3 + 4.4
years) completed both JPS testing sessions. The character-
istics of these participants are provided in Table 2.

Test-Retest Reliability

Figure 2 demonstrates the absolute error, constant error,
and variable error scores of both JPS testing sessions.
Regardless of the test angle and direction, the mean abso-
lute error, constant error, and variable error scores for both
tests were 5.2°, —1.8°, and 3.5°, respectively, for the oper-
ated knee and 5.2°, —1.9°, and 3.4°, respectively, for the
nonoperated knee. Generally, participants had a tendency
to undershoot the target angle in both knees, indicated by
the negative constant error. A comparison between both
tests revealed nonsignificant differences for absolute error
and variable error scores, but only 2 constant error scores
were found to be significantly greater in test 1 versus test 2:
extension at 90°-30° in the operated knee (—4.1 £ 5.7 vs —
0.8 £5.7, respectively; P = .048) and flexion at 0°-30° in the
nonoperated knee (-3.4 = 2.9 vs —0.5 + 4.2, respectively;
P = .005). Linear regression analyses showed no propor-
tional bias for any of the scores obtained except for the
variable error of the 90°-60° test in the operated knee (P
=.009; B = 1.126).

Reliability scores were in general higher for the constant
error when compared with the absolute error and variable
error. Looking at the 95% ClIs, the constant error regarding
the 90°-60° extension test showed moderate to excellent
reliability for the operated knee (ICC, 0.86 [95% CI, 0.64-
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TABLE 2

Participant Characteristics (N = 19 Male Participants)®
Variable Value
Age, mean + SD, y 26.3+4.4
BMI, mean + SD, kg/m?> 28.3+4.6
Operated limb, n (%)

Dominant 11 (58)

Nondominant 8 (42)

Months between surgery and test, median (range) 6.5 (3.1-11.2)
Self-reported rating scales, median (range)

NPRS pain at rest? 0(0-1)

NPRS pain worst? 317

TAS® 4(3-7)
IKDC? 72.4 (42.5-94.3)
TSK® 25 (20-33)

“BMI, body mass index; IKDC, International Knee Documen-
tation Committee; NPRS, Numeric Pain Rating Scale; TAS, Tegner
activity scale; TSK, Tampa Scale for Kinesiophobia.

®NPRS scores can range from 0 to 10, with higher scores indi-
cating worse pain.*®

“TAS scores can range from 0 to 10, with higher scores indicat-
ing the ability to participate in more knee-demanding activities.*®

4IKDC scores can range from 0 to 100, with higher scores indi-
cating higher function and fewer symptoms.?® A validated Arabic
version? was used for Arabic-speaking participants.

°TSK scores can range from 17 to 68 for fear of movement
assessment, with higher scores indicating greater fear of move-
ment and reinjury.?? A validated Arabic version'® was used for
Arabic-speaking participants.

0.94]; SEM, 1.63°; SRD, 4.53°). The 90°-60° extension test
was also more reliable for both the absolute error and con-
stant error of the nonoperated knee, with moderate to
excellent reliability for the absolute error (ICC, 0.86 [95%
CI, 0.62-0.95]; SEM 0.94°; SRD, 2.60°), and good to excel-
lent reliability for the constant error (ICC, 0.91 [95% CI,
0.76-0.96]; SEM, 1.53°; SRD, 4.24°). However, the 95% ClIs
for the absolute error, constant error, and variable error for
almost all other target angles in either direction indicated
poor to good reliability. Table 3 shows the ICCs and related
values for the absolute error, constant error, and variable
error.

DISCUSSION

This study investigated the test-retest reliability of the
absolute error, constant error, and variable error for pas-
sive knee JPS testing after ACLR. We found a wide range of
ICCs, 95% CI, SEM, and SRD values depending on the knee
JPS test angle, direction, and type of error (absolute error,
constant error, or variable error). Nevertheless, ICCs were
in general higher for the constant error compared with the
absolute error and the variable error. Specifically, the con-
stant error of the 90°-60° extension test showed moderate
to excellent reliability for the operated knee (ICC, 0.86
[95% CI, 0.64-0.94]). The 90°-60° extension test also
showed moderate to excellent reliability for the absolute
error (ICC, 0.86 [95% CI, 0.62-0.95]), and good to excellent
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reliability for the constant error (ICC, 0.91 [95% CI, 0.76-
0.96]) of the nonoperated knee.

Similar to our testing protocol, the other 2 studies that
investigated test-retest reliability of the knee JPS tests
after ACLR?>?7 used the same instrument (Biodex dyna-
mometer), body position (sitting), and memorization time
(5 seconds). In contrast, they evaluated JPS in the exten-
sion direction only. Also, both studies failed to report the
time interval between the 2 testing sessions. Lee et al®®
employed the passive angle reproduction method of 1 target
angle (45° knee flexion) starting from 90° knee flexion and
repeated the procedure for 2 trials and demonstrated good
reliability (ICC, 0.78). However, this study reported neither
the angular velocity of the passive movement nor the 95%
CI, SEM, and SRD values. Moezy et al?’ used the active
angle reproduction method of 2 target angles (30° and 60°
knee flexion) starting from 90° knee flexion and repeated
the procedure for 5 trials per each target angle. For the
operated knee, they reported good to excellent reliability
during the 30° target angle (ICC 0.93 [95% CI 0.77-0.98,
SEM 2.09°]) and excellent reliability during the 60° target
angle (ICC 0.99 [95% CI 0.95-1.00, SEM 0.76°]). While for
the nonoperated knee, they reported excellent reliability
(ICC 0.99 [95% CI 0.95-1.00, SEM 1.33°] and 0.99 [95% CI
0.96-1.00, SEM 0.76°]) for both target angles (30° and 60°),
respectively. . Therefore, variations in testing protocols and
the lack of reporting of some important data help to explain
the differences in reliability estimates when compared with
our results. Moreover, comparisons of constant error and
variable error estimates were precluded because both stud-
ies used absolute error as a single outcome measure when
evaluating knee JPS.

The test-retest reliability of knee JPS tests has been
studied in other pathological conditions than ACL
injury.'??* However, comparable mixed reliability scores
were provided, although the condition of interest and the
testing protocols varied from our study. Fatoye et al'? used
a motorized device to evaluate knee JPS in a sitting position
for children with hypermobility syndrome. They demon-
strated poor to moderate reliability (ICC, 0.18-0.56) for the
absolute error of passive angle reproduction tests of 2 tar-
get angles (10° and 25° of knee flexion) starting from 90°
knee flexion. Kramer et al®* reported moderate to good reli-
ability (ICC, 0.58-0.79) and poor to moderate reliability
(ICC, 0.42-0.63) of active angle reproduction tests, per-
formed in sitting and standing positions, respectively, for
patients with patellofemoral pain syndrome. In both posi-
tions, the absolute error was calculated by an electrogoni-
ometer for the same target angles (15°, 30°, 45°, and 60° of
flexion) starting from 75° of flexion during the sitting test
as well as from full extension during the standing test.

Some authors investigated the test-retest reliability of
knee JPS tests in healthy individuals.?*** In agreement with
our results, they found varied ICC values despite the differ-
ences in the testing protocols. Olsson et al®? found poor to
good reliability scores (ICCs, 0.31-0.82 and 0.17-0.75) of
active angle reproduction tests performed in sitting and
prone positions, respectively. They used an electrogoniometer
to calculate the absolute error for different target angles (in
the sitting position: 30°, 50°, and 70° knee flexion; in the
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Figure 2. Comparison of the mean absolute error, constant error, and variable error between joint position sense tests 1 and 2 in
the operated and nonoperated knees. Whiskers represent the SEM.

aSignificantly greater error in test 1 versus test 2 (P = .048).
bgignificantly greater error in test 1 versus test 2 (P = .005).

prone position: 40°, 70°, and 100° knee flexion) starting from
85° knee flexion in the sitting test and 15° knee flexion in the
prone test. Similarly, Strong et al** reported mixed reliability
scores of 2 novel active JPS tests performed in supine and
standing positions. The authors used customized equipment
and a motion capture system to calculate the absolute error,
constant error, and variable error for 2 target angles (40° and
65°) starting from the knee extension position. During the
supine test, they reported poor to excellent reliability for the
absolute error (ICC 0.47 [95% CI 0.00-0.77] to 0.78 [95% CI
0.48-0.90]), and poor to good reliability for the variable error
(ICC 0.00 [95% CI 0.00-0.54] to 0.64 [95% CI 0.14-0.85]). Dur-
ing the standing test, also they reported poor to excellent

reliability for the absolute error (ICC 0.64 [95% CI 0.15-
0.84] to 0.91 [95% CI 0.78-0.96]), and poor to good reliability
for the variable error (ICC 0.24 [95% CI 0.00-0.67] to 0.65
[95% CI 0.22-0.85]). However, they did not report the reliabil-
ity estimates of the constant error, which precludes compar-
isons with the corresponding reliability estimates of the
passive JPS tests in our study.

In this study, we included men with Tegner scores 3 to 7
who had undergone ACLR in the previous 3 to 11 months to
reflect a continuum of physical activity levels (light labor to
certain competitive/recreational sports) and different stages
of healing/recovery. Regardless of such differences, such a
continuum would provide a wide range of knee JPS scores,
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TABLE 3
ICC, SEM, and SRD Values for Absolute Error, Constant Error, and Variable Error of the JPS Test®

Absolute Error

Constant Error

Variable Error

ICC (95% CI) SEM, deg SRD, deg

ICC (95% CI)

SEM, deg SRD, deg ICC (95% CI) SEM, deg SRD, deg

Operated knee
Extension
90°-30° 0.18 (0-0.69) 2.98 8.27 0.43 (0-0.77) 4.30 11.91 0.63 (0.02-0.86) 0.77 2.12
90°-60° 0.57 (0-0.83) 1.32 3.65 0.86 (0.64-0.94) 1.63 4.53  0.07 (0-0.64) 1.27 3.51
Flexion
0°-30° 0.38 (0-0.77) 1.71 4.75 0.80 (0.47-0.92) 1.94 5.38  0.55(0-0.83) 0.93 2.58
0°-60° 0.59 (0-0.84) 2.01 5.56 0.53 (0-0.82) 3.37 9.33  0.42(0-0.78) 1.22 3.39
Nonoperated knee
Extension
90°-30° 0.09 (0-0.66) 2.62 7.26 0.65 (0.06-0.87) 3.25 9.01  0.73 (0.31-0.89) 0.96 2.66
90°-60° 0.86 (0.62-0.95) 0.94 2.60 0.91 (0.76-0.96) 1.53 424  0.12(0-0.65) 0.76 2.09
Flexion
0°-30° 0.29 (0-0.73) 1.84 5.11 0.49 (0-0.79) 2.56 7.09  0.28 (0-0.72) 0.97 2.68
0°-60° 0.35 (0-0.74) 2.93 8.13 0.32 (0-0.74) 4.33 11.99  0.09 (0-0.66) 1.39 3.84

“Negative ICC values were replaced with zero. ICC, intraclass correlation coefficient; JPS, The joint position sense; SRD, smallest

real difference.

which is desirable when investigating test-test reliability in
the same patients using a repeated-measures design. The
angular velocity used for passive JPS tests could determine
the magnitude of errors; however, the present study aimed to
assess the test-retest reliability of the observed values and not
the magnitude of errors between limbs (operated vs nonoper-
ated). The varied reliability scores in the present study
can be attributed to the multiple angles, directions, and
outcome measures that were utilized during the tests.
Moreover, it is suggested that target angle memorization
time affects knee JPS test reliability*?; thus, a longer
memorization time for the target angle may allow more
time for cognitive processing underlying the propriocep-
tion sense and may help to improve test reliability.

While a standardized method to evaluate knee JPS is yet
to be ascertained, we used the passive angle reproduction
method, as this method has previously been shown to dis-
criminate between ACL-injured knees and asymptomatic
knees to a greater extent than active JPS tests.*3 Addition-
ally, because of the lack of consensus on which type of error
to use as an outcome measure while quantifying knee JPS
deficits, our study evaluated the absolute error, constant
error, and variable error to comprehensively describe the
patients’ proprioceptive performance in terms of accuracy
(absolute error), bias (constant error), and consistency (var-
iable error). To maintain consistency, only a male physical
therapist conducted the testing protocol and assessed all
participants. Because of the cultural barriers that prevent
women from being assessed and tested by a male researcher
for a research study in our study setting, only men were
included in the study. Moreover, as our study included only
young men with ACLR, the study findings may not be gen-
eralized to women, children, and older adults.

Finding a valid and reliable testing protocol for knee JPS
assessment in patients with ACLR seems challenging, owing
to the inconsistent testing procedures and the uncertain qual-
ity of the available research.*®>*! Also, some authors'* have

questioned the clinical relevance and ecological validity of
quantifying knee JPS deficits because of their inconsistent
correlations with functional outcomes after the surgery. Fur-
thermore, they highlighted the need to develop new tests that
may have the ability to value the significance of assessing the
sensorimotor deficits after ACLR.

CONCLUSION

The test-retest reliability of passive knee JPS tests after ACLR
ranged from poor to excellent depending on the test angle,
direction, and outcome measure (absolute error, constant
error, or variable error). The highest ICC values were gener-
ally evident for the JPS constant error, specifically the con-
stant error of the 90°-60° extension test. Therefore,
researchers need to be cautious while choosing passive JPS
test parameters and related outcome measures (absolute error,
constant error, and variable error). Future studies are war-
ranted to ascertain standardized JPS tests and further inves-
tigate the psychometric properties of these tests after ACLR.
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