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Abstract

Background Knee joint position sense (JPS) might be negatively affected after injuries to the anterior cruciate liga-
ment (ACL). Recent systematic reviews suggest further investigation of psychometric properties, including validity,

of knee JPS tests following ACL reconstruction (ACLR). This study investigated the known-group validity by comparing
knee JPS errors between individuals who underwent unilateral ACLR and healthy controls.

Methods This cross-sectional study involved 36 men, including 19 after ACLR (ACLR group) and 17 healthy controls
(control group). In both groups, the absolute error (AE), constant error (CE) and variable error (VE) of passive knee
JPS were calculated in the flexion and extension directions, for two target angles (30° and 60° flexion) per direc-
tion. Discriminative validity was evaluated by comparing JPS errors between the operated and non-operated knees
in the ACLR group. Known-group validity was evaluated by comparing JPS errors between the operated knees

in the ACLR group and the asymptomatic non-dominant knees of healthy controls.

Results Mean AE, CE and VE for all tests were 4.1°, —2.3° and 3.6° for the operated knees in the ACLR group, 5.5°,
—2.6°and 3.3° for the non-operated knees in the ACLR group and 4.6°, —2.6° and 3.3° for the non-dominant knees

in the control group, respectively, regardless of the test direction and target angle. The operated knees in the ACLR
group did not show significantly greater JPS errors compared to the contralateral knees in the ACLR group and to the
non-dominant knees in the control group (p>0.05). On the other hand, the non-operated knees showed significantly
greater AE for the 0°-60° flexion test (p=0.025) and CE for the 0°-30° flexion test (p=0.024) than the operated knees
in the ACLR group. JPS errors did not significantly differ in the operated knees in the ACLR group based on the direc-
tion of movement and the target angle. However, the errors were significantly higher when the knee was moved
through a greater range compared to that of a lesser range between the starting and target angles.

Conclusion The ACLR knees did not show greater passive JPS errors than the contralateral or control knees. The
direction of movement and target angle did not influence the JPS acuity after ACLR. However, higher JPS errors were
evident when the knee was moved through a greater range compared to a lesser range of motion. Further studies
investigating the psychometric properties of standardized JPS tests following ACLR are warranted.
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Background

Anterior cruciate ligament (ACL) injuries are common,
accounting for 68.6 isolated injuries per 100,000 person-
years in the USA [1]. Most ACL injuries are non-contact
and occur during dynamic knee valgus motion [2, 3].
Proprioceptive deficits are considered an intrinsic pre-
disposing factor to ACL injuries [4]. Treatment strategies
include rehabilitation with or without ACL reconstruc-
tion (ACLR) [5]. However, despite treatment, approxi-
mately 1 in 4 young athletes who sustain an ACL injury
and return to high-risk sports sustain a secondary ACL
injury [6].

Mechanoreceptors have been identified in the ACL
[7-10], suggesting an important proprioceptive function
for this ligament in the knee joint [11]. Injury to the ACL
affects the mechanoreceptors which provide propriocep-
tive information about the knee joint. Therefore, joint
stability, biomechanics and neuromuscular control will
be adversely affected [12-15], leading to an increased risk
of re-injury and delayed return to play [16]. Addressing
proprioception during post-surgical rehabilitation and/
or ACL injury prevention programs may improve pro-
prioceptive acuity and neuromuscular control, restore
stability and decrease the risk of re-injury, and might aid
successful return to play [12, 14, 15, 17, 18].

Assessing knee proprioception after an ACL injury
is clinically important to guide the rehabilitation pro-
gram [19-21]. Joint position sense (JPS) is a part of
proprioception, and it consists of the individual’s abil-
ity to recognize joint position in space [19-22]. JPS
is assessed by measuring the acuity of reproducing a
defined target angle (angle reproduction) [20, 21, 23],
actively or passively. Active reproduction relies mainly
on the afferent information from the muscle spindles
and allows to compensate the proprioceptive loss in
the affected knee. The passive method relies more on
the afferent output from the proprioceptors located
inside that knee and therefore more precisely assesses
JPS acuity [22, 24]. JPS error can be reported in dif-
ferent ways: absolute error (AE), constant error (CE)
and variable error (VE) [25]. AE is the most commonly
reported error in the literature. It represents the abso-
lute amount of deviation of each reproduced angle from
a given target angle regardless of the direction of devia-
tion, and provides an estimate of performance accu-
racy. The CE represents the amount and direction of
deviation of each reproduced angle from a given target
angle, and provides an estimate of performance bias.

The VE represents the variability of the reproduced
angles about the individual’s average score, irrespective
of the proximity to the target angle, and provides an
estimate of performance consistency [25]. Agreement
on which outcome measures to use while quantify-
ing the JPS error is still lacking. However, other vari-
ables, in addition to the method of reproduction (active
or passive) and the outcome measure (AE, CE or VE),
should be considered when assessing different testing
protocols of knee JPS: testing instrument (e.g., elec-
trogoniometer or dynamometer), joint loading (weight
bearing or non-weight bearing), testing position (lying,
sitting, or standing), reproduction method (ipsilateral
or contralateral), the direction of movement (extension
or flexion), range of movement (starting angle to target
angle) [19, 22].

Sound clinical decision-making depends, among oth-
ers, on the psychometric properties of applied meas-
urement tools and associated outcomes. Clinicians and
researchers need tools with sufficient validity when
quantifying knee joint proprioception after ACLR.
Unless knee proprioceptive measurements are valid
and reliable (with low standard errors of measurement
and minimal detectable change scores), assessing clini-
cally meaningful changes in proprioception over time
in individuals with and without proprioceptive deficits
is difficult. Systematic reviews and meta-analyses [21,
22, 26, 27] have reported a lack of well-defined psycho-
metric properties of proprioceptive assessment tools,
including those for individuals after ACLR. A recent
meta-analysis found that ACLR knees showed signifi-
cantly greater JPS error when compared to asympto-
matic controls (p=0.002), based on 13 studies with
most of them rated with “doubtful” risk of bias [22]
when assessed using the consensus-based standards
for the selection of health measurement instruments
(COSMIN) risk of bias checklist tool [28]. Their sub-
group analysis based on the method of reproduction
revealed a non-significant difference between groups
for passive reproduction (p=0.67). Moreover, the
authors [22] highlighted the poor level of reporting the
methods and outcomes across the studies which inves-
tigated knee JPS after ACL injuries.

Based on the current evidence and suggested recom-
mendations [21, 22, 26, 27], high-quality research is
warranted to substantiate the level of evidence of psy-
chometric properties of knee JPS tests for individuals
following ACLR. Therefore, the primary aim of this
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study was to evaluate the AE, CE and VE for passive
knee JPS tests in both flexion and extension directions
of the operated knees in individuals who underwent
an ACLR and compare them to the contralateral non-
operated knees of the same individuals (discriminative
validity) as well as to the asymptomatic knees of healthy
controls (known-groups validity). The secondary aim
of the study was to investigate any possible influence
of the direction of movement, target angle and range
of movement during the test on knee proprioceptive
acuity.

Methods

Study design

This cross-sectional observational design was conducted
at the Physiotherapy and Rehabilitation Department of
Healthpoint Hospital in Abu Dhabi, United Arab Emir-
ates. The Ethics approval was obtained from the research
ethics committee of Healthpoint Hospital (ID: MF2467-
2021-13). All participants signed a written informed con-
sent before data collection.

Participants sampling and recruitment
A convenience sample of 36 participants, including 19
participants who had undergone ACLR surgery (ACLR
group) and 17 healthy controls (control group), com-
pleted this study. The ACLR group were active young
men who underwent primary unilateral ACLR with a
hamstring autograft during the previous 12 months and
were undergoing or had completed post-operative reha-
bilitation following the surgery. ACLR group’s partici-
pants were excluded if they were older than 35 years or
younger than 18 years, were within the first 3 months of
rehabilitation post-surgery, had undergone a concomi-
tant cartilage procedure and/or other ligament recon-
struction, had undergone other operations of the lower
limbs within a year before the ACLR, had knee pain,
swelling and/or fear of movement, indicated by a score
of >37 on the Tampa scale for kinesiophobia (TSK) [29],
which prevented completion of the test. Age- and activ-
ity-level-matched healthy participants were recruited if
they had no knee pain or history of knee injury/surgery.
All participants who had undergone ACLR and fol-
lowed a standard post-operative protocol at the hospital
were recruited for the study. Only patients who under-
went at least ACLR 3 months before the study were eli-
gible. This rehabilitation protocol consisted of six phases
and started on the second day after surgery and contin-
ued until the time to return to normal activity, including
sports. Progression from one phase to the next depended
on passing specific criteria rather than the time duration
after surgery. This supervised program required individu-
als to attend the rehabilitation department twice weekly,
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supplemented with an independent home exercise pro-
gram performed daily by the participants.

Neuromuscular and proprioceptive exercises were
an integral part of the protocol, and they were gradu-
ally commenced after the first phase of rehabilitation
(3 weeks post-surgery) and continued to the end of
the rehabilitation program. Closed kinetic chain exer-
cises, among others, began with simple weight shifting
between legs in bipedal stance, and unipedal stance, and
then progressed to exercises performed on the biomedi-
cal ankle platform system (Spectrum Therapy Products,
Adrian, MI, USA) and a BOSU ball (BOSU, Ashland, OH,
USA). In the more advanced stages of rehabilitation, per-
turbation training and exercises on a trampoline were
performed.

Instrumentation

Knee JPS was assessed using the Biodex System 4
dynamometer (Biodex Medical Systems, Shirley, NY,
USA). Trial-to-trial and day-to-day reliability as well as
criterion validity of the Biodex dynamometer for position
testing demonstrated excellent values (ICCs 0.99-1.00)
[30].

Procedures
The same physical therapist assessed the participants’
eligibility, calibrated the dynamometer, provided a famil-
iarization session, conducted the tests and collected
the data for each participant. Two days before the test-
ing session, each eligible participant was evaluated to
ensure his ability to participate in the study. Participants’
demographic and anthropometric data were collected.
Additionally, self-reported outcomes (numeric pain rat-
ing scale [NPRS] [31], international knee documentation
committee [IKDC] [32], TSK [33] and Tegner activity
scale [TAS] [34]) were collected to assess the participants’
self-perceived knee symptoms [31-33] and functions [32]
and to ensure that both groups have a matched activity
level [34]. Next, a familiarization session with a thorough
demonstration and protocol explanation was provided.
During the testing session, a random selection for the
testing order, to choose the limb, direction of move-
ment and target angle, was conducted by using the
“Spin the Wheel—Random Picker” mobile application
version 2.5.9 (Taurius Petraitis). The participant wore a
blindfold to eliminate any visual input during the test.
The participant was seated on the dynamometer chair,
with his back supported on an 85° inclined backrest
and the popliteal fossa placed approximately 5 cm away
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



Jebreen et al. Journal of Orthopaedic Surgery and Research

dynamometer was calibrated according to the manufac-
turer’s guidelines.

The “extension” test started when the examiner pas-
sively moved the participant’s knee from the starting
angle (90° flexion) toward a target angle (30° and 60°
flexion in random order). The target angle was held
for 5 s, and the participant was asked to memorize this
angle. The examiner then passively moved the knee
to the same starting angle. Thereafter, the dynamom-
eter passively moved the knee toward extension at an

Table 1 Joint position test methods

Procedure and outcomes Remarks

Method of reproduction Passive

Tested limb Both limbs

Testing position Sitting

Equipment Biodex dynamometer (system
4)

Demonstrating side Ipsilateral

Direction of knee motion Extension Flexion

Starting angle 90° 0°

Target angle 30°and 60° 30°and 60°

Angular velocity 5%/s

Memorization time for target angle 5s

Number of trials per target angle 6

Absolute error
Constant error
Variable error

Outcome measurement

Table 2 Participants’ characteristics
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angular velocity of 5°/second [35]. The participant was
told to press a hold button, placed in his hand, when he
perceived that the target angle was reproduced (repro-
duced angle). Similarly, the “flexion” test followed the
same sequence, but the passive movements were from
the starting angle (0° flexion) toward a target angle
(30° and 60° flexion in random order). Six trials [36]
were repeated to reproduce each target angle in each
direction, totaling 24 trials per knee. Table 1 shows the
parameters of the testing protocol. The testing protocol
is provided as a supplementary video file (Additional
file 1).

Outcome measures
The mean AE was calculated using the formula: mean
3 the|RA-TA| .
AE=%————, where RA is the reproduced angle,
TA is the target angle, and n is the number of trials. The
mean CE in flexion direction was calculated using the
formula: mean CE (ﬂexion)zw, while the mean
CE in extension direction was calculated using the for-

mula: mean CE (extension) :M' VE was calculated

: 2
using the formula: VE=1/ Z(RA+M), where RA,; is the
score of the ith trial of interest and M is the mean repro-
duced angle of the complete set of trials [25].

Statistical methods

Data analyses were completed using the IBM SPSS
software version 21.0 (IBM Corp., Armonk, NY, USA).
Data normality was tested using the Shapiro—Wilk test.
If data normality was violated, the Wilcoxon signed

Variable ACLR group Control group
Participants, n 19 17

Age (years), median (range) 24 (21-35) 25 (22-35)

BMI (kg/m?), mean + SD 283+46 269+28
Time interval between surgery and test(months), mean + SD 63+25 -

Self-reported rating scales, median (range)

TAS (baseline) — 7 (6-9)

TAS (post)
NPRS b (rest)
NPRS (worst)
IKDC ¢

TSKd

7 (6-9)

4(3-7) -
0(0-1) .
3(1-7) -
724 (42.5-94.3) -

25(20-33) -

BMI: Body Mass Index; TAS: Tegner Activity Scale; NPRS: Numeric Pain Rating Scale; IKDC: International Knee Documentation Committee; TSK: Tampa Scale for

Kinesiophobia

2TAS: A self-reported scale (0-10) for assessment of level of knee-demanding activities. A high score indicates an ability to participate in more knee-demanding

activities [34]

b NPRS: A self-reported scale (0-10) for assessment of pain level. A high score indicates higher level of pain [31]

€IKDC: A self-reported scale (0-100) for assessment of the level of symptoms, functions, and sports. A high score indicates higher functions and lower symptoms [32].

An Arabic-translated validated version was used for Arabic-speaking participants [37]

dTSK: A self-reported scale (17-68) for assessment of fear of movement. A high score indicates a high fear of movement and re-injury [33]. An Arabic-translated

validated version was used
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ranks and the Mann—Whitney U tests were used instead
of paired sample and independent samples t-tests,
respectively.

The participants’ baseline characteristics were assessed
using the independent samples ¢-test. The paired sam-
ple t-test was used to assess the discriminative valid-
ity by comparing JPS errors between the operated and
non-operated knees of the ACLR group. The independ-
ent samples ¢-test was used to assess the known-groups
validity by comparing JPS errors between the operated
knees of the ACLR group and the non-dominant knees
of the control group. Additionally, the paired sample
t-test was used to evaluate the possible effects of the
direction of movement, target angle and range of move-
ment during the test on JPS errors for each group. The
significance level was set at a p value of<0.05 for all
analyses.
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Results

Participants

No significant differences were found between partici-
pants in both groups (p>0.05). Table 2 provides the par-
ticipants’ characteristics [38].

Discriminative Validity

In the ACLR group, the mean AE, CE and VE for all tests
were 4.1°, —2.3° and 3.6° for the operated knees and 5.5°,
—2.6° and 3.3° for the non-operated knees, respectively,
regardless of the test direction and target angle. The
operated knees did not show any significantly greater
JPS error than the non-operated knees in all tests for all
outcome measures. Conversely, the non-operated knees
showed significantly greater AE in the 0°-60° test and
CE in the 0°-30° test (p=0.025 and 0.024, respectively)

(Fig. 1).

CE

[ Operated
B Non-operated

T T I 1 1 I I I I 1 1 )
90°-30* 90°-60* 0°-30* 0°-60° 90°-30* 90°-60° 0°-30* 0°-60° 90°-30° 90°-60° 0°-30°* 0°-60°

Fig. 1 Bar charts with error bars represent mean AE, CE and VE as well as 95% Cl for the operated and non-operated knees of the ACLR group.

*significant difference (p <0.05)
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10 AE CE VE

o] [ Operated ACLR
I Non-dominat CTL

Error (%)

T T T T T T T T T T T T
90°-30* 90*-60* 0°-30* 0°-60° 90°-30* 90°-60°* 0°-30* 0°-60* 90°-30°* 90°-60* 0°-30° 0°-60°
Fig. 2 Bar charts with error bars represent mean AE, CE and VE as well as 95% Cl for the operated knees of the ACLR group and the non-dominant
knees of the control (CTL) group

O Edension
B Fledon

Error (%)

>k

Operated ACLR-group Nonoperated Donunant CTL-group Non-dominant

Fig. 3 Bar charts with error bars represent the mean AE, CE and VE as well as 95% Cl for the extension and flexion tests in both groups. CTL—
control. *significant difference (p <0.05). **significant difference (p <0.01)
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Known-groups validity Influence of direction, target angle and range

In the control group, the mean AE, CE and VE for all  of movement during the test

tests were 5.1°, —3.0° and 2.6° for the dominant knees and  Direction of movement (extension vs flexion)

4.6°, —2.6° and 3.3° for the non-dominant knees, respec-  Extension and flexion directions were studied by compar-

tively, regardless the test direction and target angle. There  ing the average of the means of both extension tests (90°—

were no JPS differences between the operated knees of  30° and 90°-60°) and the average of the means of both

the ACLR group and the non-dominant knees of the con-  flexion tests (0°-30° and 0°-60°) for both groups sepa-

trol group for all outcome measures (Fig. 2). rately. For the ACLR group, only the non-operated knees
showed a greater CE in the flexion direction than the

Error (%)

Ope:'a(ed ACLR-group No)\-o)l)ented Dorminant CTL-group Non-dominant
Fig. 4 Bar charts with error bars represent the mean AE, CE and VE as well as 95% Cl for the tests with 60° and 30° target angles in both groups.
CTL—control. *significant difference (p < 0.05)

Table 3 Mean error for tests with 60° and 30° angular displacement

Range moved during ACLR group

the test

Operated knee Non-operated knee

AE CE VE AE CE VE
60° 62°+£2.8° —4.0°+4.3° 42°+£0.9° 6.6°+2.5° —3.7°+4.9° 40°+£14°
30° 42°+16° —-05°+36° 31°+1.3° 43°+19° —15°+34° 26°+09°
P value 0.005 0.002 0.005 0.001 0.007 <0.001

Control group

Dominant knee Non-dominant knee

AE CE VE AE CE VE
60° 64°+2.9° —52°+33° 41°+15° 58°+23° —38°+3.7° 4.1°+0.9°
30° 3.7°+14° —23°+28° 2.5°+0.7° 34°+1.5° —1.5°+2.5° 2.5°+0.8°
Pvalue 0.001 0.001 <0.001 <0.001 0013 <0.001

AE absolute error, CE constant error, VE variable error



Jebreen et al. Journal of Orthopaedic Surgery and Research

extension direction (—4.4°+3.9°, —0.8°+4.8° p=0.001).
For the control group, both knees showed a greater AE
and CE in the flexion direction than the extension direc-
tion ([AE: 5.8°+2.4°, 4.4°+1.8° p=0.013 and 5.4°+2.9°,
3.8°+1% p=0.035], [CE: —-4.9°%+3.2° —27°+25°%
p=0.001 and —4.1°+3.7°, —1.1°+2.5°% p=0.002], for the
dominant and non-dominant knees, respectively) (Fig. 3).

Target angle (30°vs 60°)

Both target angles were analyzed by comparing the
average of means of both tests whose target was 30°
(90°-30° and 0°-30°) to the average of means of both
tests whose target was 60° (90°~60° and 0°-60°). Both
knees of the participants who underwent ACLR did not
show significant differences in JPS based on the target
angle. In the control group, the non-dominant knees
showed a greater AE during the test with 60° target
angle than the tests with 30° target angle (5.3°+2.8°
3.8°+0.9% p=0.032, for both target angles, respectively)
(Fig. 4).

Range of motion during the test (60° vs 30°)

The ranges moved during the test were investigated by
comparing the average of the means of both tests whose
angular displacement was 60° (90°-30° and 0°-60°) to
the average of the means of both tests whose angular
displacement was 30° (90°-60° and 0°-30°). The mean
AE, CE and VE were significantly higher when the knee
was moved through a greater range (60°) compared to
when it was moved through a lesser range (30°), for
both groups and both sides. Table 3 illustrates the level
of significance for these comparisons.

Discussion

This study primarily aimed to evaluate the mean AE, CE
and VE for passive knee JPS tests of the operated knees
in individuals after a unilateral ACLR and compare the
results to the contralateral knees (discriminative validity)
and to age- and activity level-matched controls (known-
group validity). Effects of movement direction, target
angle and range of movement during the test on knee JPS
acuity were secondarily investigated. Participants scored
an average AE of 4.1°, 5.5° and 4.6° for the operated, con-
tralateral and control knees, respectively. These scores
are in accordance with the average ranges identified by a
recent meta-analysis [22] for similar individuals based on
the studies that used the passive JPS tests after an ACL
injury; the ACLR knees scored an average of 0.8°~10.18°,
the contralateral knees scored an average of 0.63°-6.74°
and the knees of the healthy controls scored an average
of 0.98°-9.65°. The knee which had undergone ACLR did
not show significantly greater JPS errors compared to the
contralateral knees and to healthy controls.
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The non-significant differences between the oper-
ated knees and the contralateral or healthy knees can be
explained by understanding that part of the propriocep-
tive loss after an ACL injury results from the altered kin-
ematics of the joint. Therefore, reconstructing the ACL
may successfully restore its mechanical function and
improve knee proprioception [39, 40]. The regeneration
process of sensory neurons in the graft, proved by the
detectable somatosensory evoked potentials after direct
electrical stimulation of the reconstructed ACL [41], may
help to enhance the recovery of the proprioceptive func-
tion within the knee joint [40, 41]. Additionally, it is pos-
sible that the lost proprioceptive signals as a result of the
ACL injury can be compensated by the integrated affer-
ent signals arising from the mechanoreceptors located
in the other ligaments, joint capsule, surrounding mus-
cles, tendons and skin, as only 1-2.5% [8, 9] of the total
ACL area is composed of mechanoreceptors [27]. Also,
training and physical activity may induce some periph-
eral and central neural adaptations leading to improved
proprioception [42]. Therefore, the post-operative exer-
cises, including proprioception exercises, provided to our
participants during the rehabilitation program may have
influenced their JPS acuity. However, a recent system-
atic review on the psychometric properties of knee JPS
tests [22] concluded that the responsiveness of JPS tests
to different interventions was not significantly different
in individuals with ACL injury/reconstruction. A lack
of statistically significant differences could be due to low
sensitivity of different JPS test methods and associated
outcome measures (AE, CE or VE) or heterogeneity of
interventions reported in the literature. Another system-
atic review [43] evidenced a low certainty of evidence to
substantiate the effects of neuromuscular rehabilitation
training on improving knee JPS following ACLR. The
authors recommended that novel well-designed neuro-
muscular training interventions and valid proprioceptive
measures are warranted to ascertain definitive evidence
in this area. Therefore, we included participants with a
unilateral ACLR with a hamstring autograft in the past
12 months irrespective of their stage of rehabilitation.

The presence of JPS deficits after ACLR has been widely
debated. Our study is not the only one to have not iden-
tified JPS differences between the ACLR knees and the
contralateral knees [44—46] or between the ACLR knees
and healthy controls [46, 47] when the target angles were
passively reproduced and an isokinetic dynamometer
was used to evaluate proprioception. Faggal et al. [45]
investigated the effects of post-operative proprioceptive
training on functional performance, dynamic balance
and JPS in individuals who had undergone ACLR with
or without stump preservation. They compared the JPS
AE between both groups (n=15 per group), 3 months
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post-reconstruction. The operated and non-operated
knees showed non-significant differences for the group
with stump preservation (2.38°+1.13° and 2.17°+1.12°%
p=0.245), as well as for the group without stump preser-
vation (2.26°+1.99° and 1.66°+0.83°; p=0.336). Ordahan
et al. [46] tested the JPS in a group of participants with
ACLR (n=20), comparing them to a group of healthy
controls (n=16), assessing the effectiveness of the post-
operative exercises, including proprioception exercises,
on knee pain, function and proprioception. There were
no AE differences (p>0.05) between ACLR group com-
pared to the contralateral knees and to the healthy con-
trols 6 months after surgery. Littmann et al. [47] studied
the presence of proprioceptive impairments in women
with ACLR (n=11), and compared them with healthy
controls (n=20). The AE of passive JPS did not dif-
fer between groups (10.18°+6.85° for ACLR group, and
9.65°+6.96° for the control group; p=0.21).

Some authors did report statistically significant dif-
ferences based on similar comparisons. Lee et al. [48]
found a significant AE difference between the operated
and non-operated sides in 28 individuals whose ACL
was reconstructed more than 3 months after injury
(7.84°+4.22° and 6.74°+£5.77°; p=0.025), although
the comparison revealed a non-significant differ-
ence in another 48 individuals whose ACL was recon-
structed within 3 months after injury (5.58°+4.31° and
5.60°+4.95°% p=0.915). Zhou et al. [49] evaluated the JPS
6 months after ACLR to describe the factors influenc-
ing proprioception after surgery, and to investigate the
association between proprioception and muscle strength.
They observed a significant proprioception deficit when
comparing the ACLR group (n=36) to healthy controls
(n=13). The mean AE was 5.59°+2.57° for the ACLR
group and 4.34°+1.08° in the control group (p=0.023).
Variations of the testing methods and variables investi-
gated within the studies of the knee JPS following ACLR
can explain the differences of the results [22, 50] between
these studies. Testing instrument, method of reproduc-
tion, body position, direction and range of movement,
angular velocity, target memorization duration, number
of trials and reported outcome measures, as well as the
participants characteristics including surgical procedure
and time elapsed from injury to surgery and from surgery
to test, vary widely between the studies.

In the present study, direction of movement and tar-
get angle did not influence the JPS acuity in partici-
pants with ACLR, although participants in the control
group scored greater AE and CE in flexion than exten-
sion. These results are in accordance with the results
of other studies despite the differences in testing pro-
cedures. Mir et al. [51] evaluated the knee JPS during a
functional standing weight bearing in individuals with
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ACLR (n=12) and healthy controls (n=12). They found
no significant AE differences based on the direction of
movement within or between groups (p>0.05). Simi-
larly, Hopper et al. [52] examined a group of individu-
als after ACLR (#=9) in a functional standing weight
bearing position; the mean AE did not differ between
flexion and extension (p=0.47). However, another study
[42] investigated JPS in healthy participants to provide
normative data from participants aged 18—82 years and
evaluate the effects of age, physical activity and motion
on knee JPS. Using the active reproduction method,
the study found a greater AE in flexion than extension
(3.6°+1.6° and 2.9°+1.5°% p=0.0001). These results are
similar to the results of our control group who showed
significantly greater AE in flexion than extension for the
dominant (5.8°+2.4° and 4.4°+1.8% p=0.013) and the
non-dominant side (5.4°+2.9° and 3.8°+1°% p=0.035).
Additionally, in our study, the ACLR group and con-
trol group showed significantly higher JPS error when
the knee was moved through a greater range (60°) com-
pared to when it was moved through a lesser range (30°).
Other authors [42, 53, 54] reported similar findings
when they investigated the possible effects of the angu-
lar displacement during the proprioceptive task on JPS
error for different joints in the body of healthy individu-
als. The reduced JPS acuity associated with the greater
range of movement during the test can be explained by
the greater cognitive demands needed, which makes the
proprioceptive process more complicated thus leading to
greater JPS errors [42, 53, 54].

Assessing proprioception after ACLR remains a chal-
lenge. Knee proprioception is commonly assessed by the
angle reproduction to quantify the JPS, and threshold to
detect passive movement (TTDPM) to quantify the joint
movement sense, where the person needs only to indicate
the first instance that he/she perceives a joint movement
[19-22, 50]. TTDPM was found to be a more reliable and
valid method that can precisely identify deficits in pro-
prioception following ACLR [40, 50, 55]. Other authors
[55] further questioned the clinical relevance of quantify-
ing proprioceptive deficits after ACLR given their low-to-
moderate correlation with the knee functional outcomes.
They warranted the need to develop relevant tests that
are able to evaluate the role of the sensorimotor system
after ACLR.

Our study used passive angle reproduction to quan-
tify JPS errors since active reproduction is believed to
allow for proprioceptive compensation after ACL injury.
Additionally, we evaluated the AE, CE and VE to com-
prehensively describe the individual’s JPS performance in
terms of accuracy (AE), bias (CE) and consistency (VE).
Given the conflicting evidence on knee JPS after ACLR,
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our study compared the results of the ACLR knees to the
contralateral knees and healthy controls, as internal and
external controls, to better evaluate the proprioceptive
functions in these individuals. To maintain consistency,
the same therapist conducted the test and assessed all
participants. Including female participants was precluded
by the cultural barriers in our setting that prevent women
from being assessed by a male researcher for a research
study; therefore, the results may differ for female partici-
pants. We did not perform post-hoc power analysis. Post-
hoc power analysis, using the observed effect size, has
been criticized [56—62].

Conclusion

The operated knees of individuals who underwent ACLR
did not show greater knee JPS error (AE, CE and VE)
than the contralateral non-operated knees or the asymp-
tomatic knees of healthy controls. Direction of move-
ment and target angle did not influence the JPS acuity
in the ACLR group. However, both sides of the ACLR
group and control group showed higher JPS errors when
the knee was moved through a greater range compared
to when it was moved through a lesser range. Standard-
ized knee JPS testing protocols, with sufficient level of
evidence for their psychometric properties, need to be
developed following ACLR.

Abbreviations

ACL Anterior cruciate ligament

ACLR Anterior cruciate ligament reconstruction

AE Absolute error

BMI Body mass index

CE Constant error

COSMIN  Consensus-based standards for the selection of health measure-

ment instruments

IKDC International knee documentation committee
JPS Joint position sense

NPRS Numeric pain rating scale

TAS Tegner activity scale

TSK Tampa scale for kinesiophobia

TTDPM Threshold to detect passive movement

VE Variable error

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513018-023-03996-y.

[ Additional file 1. Passive knee joint position sense testing protocol. }

Acknowledgements
The authors would like to thank the Healthpoint hospital for their assistance
and support during this study.

Authors’ contributions

MJ and AA conceived and designed the study. MJ collected the data and
performed the analyses. All authors contributed to critical review and interpre-
tation of the results. MJ and AA wrote the first draft of the manuscript. FM and

(2023) 18:525

Page 10 of 12

NM edited and revised the manuscript for important intellectual content. All
authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study did
not receive any funding from internal or external agencies.

Availability of data and materials
The data underlying this article are available in the article and in its online
supplementary material.

Declarations

Ethics approval and consent to participate

The ethical approval was obtained from the research ethics committee of
Healthpoint hospital (reference: MF2467-2021-13). All participants signed a
written informed consent before data collection.

Consent for publication
Not applicable.

Competing interests
Professor Nicola Maffulli is the Editor-in-Chief of the Journal of Orthopaedic
Surgery and Research.

Author details

'Department of Physiotherapy, College of Health Sciences, University

of Sharjah, Sharjah, United Arab Emirates. 2Physiotherapy and Rehabilitation
Department, Sheikh Shakhbout Medical City, Abu Dhabi, United Arab Emir-
ates. >Department of Medicine, Surgery and Dentistry, University of Salerno,
Baronissi, SA, Italy. “Faculty of Medicine, School of Pharmacy and Bioengineer-
ing, Keele University, Stoke on Trent, England. *Barts and the London School
of Medicine and Dentistry, Centre for Sports and Exercise Medicine, Mile End
Hospital, Queen Mary University of London, London, England. ®Department

of Orthopaedic, Trauma, and Reconstructive Surgery, RWTH University Hospi-
tal of Aachen, 52074 Aachen, Germany. ’Neuromusculoskeletal Rehabilitation
Research Group, RIMHS-Research Institute of Medical and Health Sciences,
University of Sharjah, Sharjah, United Arab Emirates. ®Sustainable Engineer-
ing Asset Management Research Group, RISE-Research Institute of Science
and Engineering, University of Sharjah, Sharjah, United Arab Emirates. °Depart-
ment of Physiotherapy, Adjunct Faculty, Manipal College of Health Professions,
Manipal Academy of Higher Education, Manipal, Karnataka, India. '°Depart-
ment of Orthopaedics and Trauma Surgery, Academic Hospital of Bolzano
(SABES-ASDAA), 39100 Bolzano, Italy.

Received: 21 November 2022 Accepted: 10 July 2023
Published online: 22 July 2023

References

1. Sanders T, Maradit Kremers H, Bryan A, Larson D, Dahm D, Levy B, et al.
Incidence of anterior cruciate ligament tears and reconstruction: A
21-year population-based study. Am J Sports Med. 2016;44(6):1502-7.

2. KobayashiH, Kanamura T, Koshida S, Miyashita K, Okado T, Shimizu T, et al.
Mechanisms of the anterior cruciate ligament injury in sports activities: a
20-year clinical research of 1700 athletes. J Sports Sci Med. 2010,9:669-75.

3. Johnston JT, Mandelbaum BR, Schub D, Rodeo SA, Matava MJ, Silvers-
Granelli HJ, et al. Video analysis of anterior cruciate ligament tears in pro-
fessional American football athletes. Am J Sports Med. 2018;46(4):862-8.

4. Acevedo RJ, Rivera-Vega A, Miranda G, Micheo W. Anterior cruciate liga-
ment injury: identification of risk factors and prevention strategies. Curr
Sports Med Rep. 2014;13(3):186-91.

5. Sanders JO, Brown GA, Murray J, Pezold R, Sevarino KS. Treatment of ante-
rior cruciate ligament injuries. J Am Acad Orthop Surg. 2016,24(8).e81-3.

6. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster KE, Myer GD.
Risk of secondary injury in younger athletes after anterior cruciate liga-
ment reconstruction: A systematic review and meta-analysis. Am J Sports
Med. 2016;44(7):1861-76.


https://doi.org/10.1186/s13018-023-03996-y
https://doi.org/10.1186/s13018-023-03996-y

Jebreen et al. Journal of Orthopaedic Surgery and Research

20.

21

22.

23.

24,

25.
26.
27.

28.

29.

30.

31

Schultz RA, Miller DC, Micheli L. Mechanoreceptors in human cruciate
ligaments. A histological study. J Bone Jt Surg Am. 1984,66(7):1072-6.
Schutte MJ, Dabezies EJ, Zimny ML, Happel LT. Neural anatomy of the
human anterior cruciate ligament. J Bone Jt Surg Am. 1987,69(2):243-7.
Zimny ML, Schutte M, Dabezies E. Mechanoreceptors in the human
anterior cruciate ligament. Anat Rec. 1986;214(2):204-9.

Gao F, Zhou J, He C, Ding J, Lou Z, Xie Q, et al. A morphologic and quan-
titative study of mechanoreceptors in the remnant stump of the human
anterior cruciate ligament. Arthroscopy. 2016;32(2):273-80.

. AdachiN, Ochi M, Uchio Y, Iwasa J, Ryoke K, Kuriwaka M. Mechanorecep-

tors in the anterior cruciate ligament contribute to the joint position
sense. Acta Orthop Scand. 2002;73(3):330-4.

Nagai T, Allison KF, Schmitz JL, Sell TC, Lephart SM. Conscious proprio-
ception assessments in sports medicine: How individuals perform each
submodality? In: Sports medicine. SM Group Ebooks; 2016. pp. 1-13.
http://www.smgebooks.com/sports-medicine/chapters/SMD-16-04.pdf
Dhillon MS, Kamal B, Prabhakar S. Differences among mechanorecep-
tors in healthy and injured anterior cruciate ligaments and their clinical
importance. Muscles Ligaments Tendons J. 2012;2(1):38-43.

Jerosch J, Prymka M. Proprioception and joint stability. Knee Surg Sports
Traumatol Arthrosc. 1996;4(3):171-9.

Cronstrém A. Is poor proprioception associated with worse movement
quality of the knee in individuals with anterior cruciate ligament defi-
ciency or reconstruction? J Phys Ther Sci. 2018;30(10):1278-83.

Nagelli CV, Hewett TE. Should return to sport be delayed until 2 years
after anterior cruciate ligament reconstruction? Biological and functional
considerations. Sports Med. 2017;47(2):221-32.

Donnell-Fink LA, Klara K, Collins JE, Yang HY, Goczalk MG, Katz JN, et al.
Effectiveness of knee injury and anterior cruciate ligament tear preven-
tion programs: a meta-analysis. PLoS ONE. 2015;10(12):e0144063.
Cooper RL, Taylor NF, Feller JA. A systematic review of the effect of
proprioceptive and balance exercises on people with an injured or recon-
structed anterior cruciate ligament. Res Sports Med. 2005;13(2):163-78.
Han J, Waddington G, Adams R, Anson J, Liu Y. Assessing proprioception:
a critical review of methods. J Sport Health Sci. 2016;5(1):80-90.
Roijezon U, Clark NC, Treleaven J. Proprioception in musculoskeletal reha-
bilitation: part 1: basic science and principles of assessment and clinical
interventions. Man Ther. 2015;20(3):368-77.

Smith TO, Davies L, Hing CB. A systematic review to determine the
reliability of knee joint position sense assessment measures. Knee.
2013;20(3):162-9.

Strong A, Arumugam A, Tengman E, Réijezon U, Hager CK. Proper-

ties of knee joint position sense tests for anterior cruciate ligament
injury: a systematic review and meta-analysis. Orthop J Sports Med.
2021;9(6):23259671211007880.

Kim HJ, Lee JH, Lee DH. Proprioception in patients with anterior cruciate
ligament tears: a meta-analysis comparing injured and uninjured limbs.
Am J Sports Med. 2017;45(12):2916-22.

Stillman BC, McMeeken JM. The role of weightbearing in the

clinical assessment of knee joint position sense. Aust J Physiother.
2001;47(4):247-53.

Schmidt R, Lee T. Motor control and learning: a behavioral emphasis. 5th
ed. Champaign: Human Kinetics; 2011. p. 26-33.

Hillier S, Immink M, Thewlis D. Assessing proprioception: a systematic
review of possibilities. Neurorehabil Neural Repair. 2015;29(10):933-49.
Relph N, Herrington L, Tyson S. The effects of ACL injury on knee proprio-
ception: a meta-analysis. Physiotherapy. 2014;100(3):187-95.

Mokkink LB, de Vet HCW, Prinsen CAC, Patrick DL, Alonso J, Bouter LM,
et al. COSMIN risk of bias checklist for systematic reviews of patient-
reported outcome measures. Qual Life Res. 2018;27(5):1171-9.

Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. Fear of move-
ment/(re)injury in chronic low back pain and its relation to behavioral
performance. Pain. 1995;62(3):363-72.

Drouin JM, Valovich-McLeod TC, Shultz SJ, Gansneder BM, Perrin DH.
Reliability and validity of the biodex system 3 pro isokinetic dynamom-
eter velocity, torque and position measurements. Eur J Appl Physiol.
2004,91(1):22-9.

Williamson A, Hoggart B. Pain: a review of three commonly used pain
rating scales. J Clin Nurs. 2005;14(7):798-804.

(2023) 18:525

32.

33

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

Page 11 of 12

Rossi MJ, Lubowitz JH, Guttmann D. Development and validation of the
international knee documentation committee subjective knee form. Am
J Sports Med. 2002;30(1):152.

Kori S, Miller R, Todd D. Kinesiophobia: a new view of chronic pain behav-
jor. Pain Manag. 1990;3:35-43.

Tegner Y, Lysholm J. Rating systems in the evaluation of knee ligament
injuries. Clin Orthop Relat Res. 1985;198:43-9.

Li L, Ji ZQ, Li YX, Liu WT. Correlation study of knee joint proprio-

ception test results using common test methods. J Phys Ther Sci.
2016;28(2):478-82.

Selfe J, Callaghan M, McHenry A, Richards J, Oldham J. An investiga-

tion into the effect of number of trials during proprioceptive test-

ing in patients with patellofemoral pain syndrome. J Orthop Res.
2006;24(6):1218-24.

Ahmed KM, Said HG, Ramadan EKA, Abd El-Radi M, El-Assal MA. Arabic
translation and validation of three knee scores, lysholm knee score (LKS),
oxford knee score (OKS), and International knee documentation commit-
tee subjective knee form (IKDC). SICOT J. 2019;5:6.

Juweid M, Farah K, Hawamdeh Z, Alqudah A, Nowlin L, Vlaeyen J, et al.
Fear of movement/[Re]injury among arabic low back pain patients:
establishing the validity of the Tampa scale of Kinesiophobia—Arabic
version. Myopain. 2015;23(3-4):134-42.

Iwasa J, Ochi M, Adachi N, Tobita M, Katsube K, Uchio Y. Proprioceptive
improvement in knees with anterior cruciate ligament reconstruction.
Clin Orthop Relat Res. 2000;381(381):168-76.

Reider B, Arcand MA, Diehl LH, Mroczek K, Abulencia A, Stroud CC, et al.
Proprioception of the knee before and after anterior cruciate ligament
reconstruction. Arthroscopy. 2003;19(1):2-12.

. Ochi M, Iwasa J, Uchio Y, Adachi N, Sumen Y. The regeneration of sensory

neurones in the reconstruction of the anterior cruciate ligament. J Bone
Joint Surg Br. 1999;81(5):902-6.

Relph N, Herrington L. The effects of knee direction, physical activity and
age on knee joint position sense. Knee. 2016;23(3):393-8.

Arumugam A, Bjorklund M, Mikko S, Hager CK, Hager CK. Effects of neu-
romuscular training on knee proprioception in individuals with anterior
cruciate ligament injury: a systematic review and GRADE evidence
synthesis. BMJ Open. 2021;11(5):e049226.

Nishiwaki GA, Tanaka K, Urabe Y. The effect of muscle strength on
proprioceptive function after anterior cruciate ligament reconstruction of
the knee. Jpn J Phys Fit Sport Med. 2007;56(5):451-60.

Faggal MS, Abdelsalam MS, Adel Elhakk SM, Mahmoud NF. Proprioceptive
training after ACL reconstruction: standard versus stump preservation
technique. Physiother Pract Res. 2019;40(1):69-75.

Ordahan B, Kuigliksen S, Tuncay |, Salli A, Ugurlu H. The effect of proprio-
ception exercises on functional status in patients with anterior cruciate
ligament reconstruction. J Back Musculoskelet Rehabil. 2015;28(3):531-7.
Littmann AE, Iguchi M, Madhavan S, Kolarik JL, Shields RK. Dynamic-
position-sense impairment’s independence of perceived knee function in
women with ACL reconstruction. J Sport Rehabil. 2012;21(1):44-53.

Lee DH, Lee JH, Ahn SE, Park MJ. Effect of time after anterior cruciate
ligament tears on proprioception and postural stability. PLoS ONE.
2015;10(9):e0139038.

Zhou MW, Gu L, Chen YP, Yu CL, Ao YF, Huang HS, et al. Factors affecting
proprioceptive recovery after anterior cruciate ligament reconstruction.
Chin Med J (Engl). 2008;121(22):2224-8.

Nakamae A, Adachi N, Ishikawa M, Nakasa T, Ochi M. No evidence of
impaired proprioceptive function in subjects with anterior cruciate liga-
ment reconstruction: a systematic review. JISAKO. 2017,2(4):191-9.

. Mir SM, Hadian MR, Talebian S, Nasseri N. Functional assessment of knee

joint position sense following anterior cruciate ligament reconstruction.
Br J Sports Med. 2008;42(4):300-3.

Hopper DM, Creagh MJ, Formby PA, Goh SC, Boyle JJ, Strauss GR. Func-
tional measurement of knee joint position sense after anterior cruciate
ligament reconstruction. Arch Phys Med Rehabil. 2003;84(6):868-72.
Boisgontier MP, Swinnen SP. Age-related deficit in a bimanual joint
position matching task is amplitude dependent. Front Aging Neurosci.
2015;7(AUG):1-5.

Lonn J, Crenshaw AG, Djupsjobacka M, Pedersen J, Johansson H. Position
sense testing: influence of starting position and type of displacement.
Arch Phys Med Rehabil. 2000;81(5):592-7.


http://www.smgebooks.com/sports-medicine/chapters/SMD-16-04.pdf

Jebreen et al. Journal of Orthopaedic Surgery and Research

55.

56.

57.

58.
59.

60.

(2023) 18:525

Gokeler A, Benjaminse A, Hewett TE, Lephart SM, Engebretsen L, Ageberg
E, et al. Proprioceptive deficits after ACL injury: are they clinically relevant?
Br J Sports Med. 2012;46(3):180-92.

Althouse AD. Post hoc power: not empowering, just misleading. J Surg
Res. 2021;259:A3-6.

Goodman SN, Berlin JA. The use of predicted confidence intervals when
planning experiments and the misuse of power when interpreting
results. Ann Intern Med. 1994;121:200e206.

Hoenig JM, Heisey DM. The abuse of power: the pervasive fallacy of
power calculations for data analysis. Am Stat. 2001;55:19e24.

Lenth R. Some practical guidelines for effective sample size determina-
tion. Am Stat. 2001,55:187e193.

Levine M, Ensom MH. Post hoc power analysis: an idea whose time has
passed? Pharmacotherapy. 2001,21:405e409.

61. O'Keefe DJ. Post hoc power, observed power, a priori power, retrospective
power, prospective power, achieved power: sorting out appropriate uses
of statistical power analyses. Commun Methods Meas. 2007;1:291e299.

62. Lakens D. Observed power, and what to do if your editor asks for post-
hoc power analyses. 2014.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Known-group validity of passive knee joint position sense: a comparison between individuals with unilateral anterior cruciate ligament reconstruction and healthy controls
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design
	Participants sampling and recruitment
	Instrumentation
	Procedures
	Outcome measures
	Statistical methods

	Results
	Participants
	Discriminative Validity
	Known-groups validity
	Influence of direction, target angle and range of movement during the test
	Direction of movement (extension vs flexion)
	Target angle (30° vs 60°)
	Range of motion during the test (60° vs 30°)


	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


