
Proprioception following the Anterior Cruciate
Ligament Reconstruction with Tibialis Anterior
Tendon Allograft
Enes Büyükafşar, MSc, PT1 Selda Başar, PT2 Ulunay Kanatli, MD3

1Department of Physical Therapy and Rehabilitation, Ahi Evran
University, Kirşehir, Turkey

2Faculty of Health Sciences, Department of Physiotherapy and
Rehabilitation, Gazi University, Ankara, Turkey

3Departments of Orthopedics and Traumatology, Gazi University Tıp
Fakültesi, Ankara, Turkey

J Knee Surg 2020;33:722–727.

Address for correspondence Selda Başar, PT, Faculty of Health
Sciences, Department of Physiotherapy and Rehabilitation, Gazi
University, Muammer Yaşar Bostancı cad. Emniyet Mah. no:16,
Ankara 06500, Turkey (e-mail: seldabsr@yahoo.com).

Proprioception is the position sense of the joint and
extremity perceived by the mechanoreceptors in joints
and the tissues surrounding them.1 In knee joint, particu-
larly anterior cruciate ligament is rich in proprioceptive
receptors.2–4 It was shown that in case of anterior cruciate
ligament (ACL) injury or the removal of the ligament
following the surgery, proprioception due to the loss of
mechanoreceptor decreases.5,6 Although mechanical integ-
rity of the ligament is ensured with the ACL reconstruction,
it is not yet determined whether sensory integration is
ensured or not.7

It is often revealed that the ACL is injured in the tibia
internal rotation in the knee flexion position, or in the
activities or positions, inwhich the knee is forced into valgus
when femur is in external rotation.8 Deterioration of
dynamic stability is one of the primary reasons behind ACL
injury.9 One important cause of dynamic stability deficit is
that enough proprioceptive input cannot be provided.

One of the methods used to assess proprioception is active
joint position sense (AJPS) method.10 AJPS method allows for
the assessment of the stimuli that stimulate both the joint and
muscle receptors and that follow afferent paths during
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Abstract After the anterior cruciate ligament (ACL) reconstruction, a loss of proprioception is
observed and it can continue years after the operation. The aim of this study is to evaluate
proprioception in standing position at different knee flexion angles in patients who
underwent ACL reconstruction with tibialis anterior tendon allograft. The study included
34 patients who underwent ACL reconstruction with tibialis anterior tendon allograft and
34 healthy individuals. Proprioception was evaluated in standing position at 15°, 30°, 60°
flexion angles with the active joint position sense (AJPS)method using digital inclinometer.
Proprioception deviation angle was found to be higher in the operated leg at 30° and 60°
flexion angles in the patient group compared with the other leg (p < 0.05), the biggest
proprioception difference was between the 15° and 60° flexion angles in both the patient
and the control group (p < 0.05) that the difference between 15° and 30° flexion angles is
lowest (p < 0.05), and that these differences are higher in the operated leg of the patient
group compared with the other leg of the patient group and to the dominant leg of the
control group (p < 0.05). As approximately 4 years after ACL reconstruction with tibialis
anterior tendon allograft, loss of proprioception at 60° knee flexion continued, ACL injury
related to loss of proprioceptionmayoccur at angles higher than 30° flexion. Thus, patients
may be provided with proprioception-enhancing rehabilitation in the long term, particu-
larly, at flexion angles above medium levels.
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function.11 Inclinometer records angularmotionswith respect
to gravity. It has been found that inclinometer yields more
reliable results comparedwith theuniversalgoniometer that is
frequently used in measurement of AJPS.12,13 It offers many
advantages, some of which are ease of use, precise measure-
ment, digital gauge, and performing measurements in differ-
ent positions and during various activities.12,13

Our literature review revealed that there are few studies on
how proprioception is affected in the long-term following ACL
reconstruction with tibialis anterior tendon allograft. We
propose that in determining proprioception loss, a proprio-
ception assessment that is formed with joint and muscle
receptors in dynamic positions is necessary since this loss
shows similaritieswith the injurymechanism.14 Thus, our aim
in this study is to compare proprioception in different angular
positions and in dynamic conditions 4 years after ACL recon-
struction with tibialis anterior tendon allograft.

Participants and Methods

The study included 34 male patients who were operated by
the same surgeon and who had undergone ACL reconstruc-
tion using the tibialis anterior tendon allograft with the
endobutton and rigid fixation method at Gazi University,
Orthopedics and Traumatology Department, between 2007
and 2014. The control group consisted of 34 voluntary
healthy males at similar ages who have the necessary phy-
sical activity level to do the tests. The tests were conducted
on similar body parts of the patient and control group. The
studywas conducted in the Orthopaedics Rehabilitation Unit
of the Gazi University, Faculty of Health Sciences, Depart-
ment of Physiotherapy andRehabilitation. Ethical consent for
the study was obtained from the Gazi University, Faculty of
Medicine Clinical Research Ethical Committee. The studywas
found ethically acceptable with the decision numbered
‘‘25901600–3224.’’ Each participant of the study was
informed about the content of the study and the evaluations
to bemade in a detailedmanner prior to the evaluations, and
an informed consent form was taken from each participant.

The patients who had revision operation in ACL recon-
struction, those with multiple ligament injury or meniscus

injury, with hip, knee, and ankle pathologies that could cause
pain in the knee, and history of cardiopulmonary disease that
could prevent the administration of test was not included in
the study.

After the reconstruction, all patients were given home
exercise program. They used knee-brace for 3 weeks. They
were asked to useknee-brace as locked in extension for the 1st
week, then unlocked for the remaining. The first 2 weeks they
were asked to apply cold to the knee area. Postoperative
beginning from day 1, range of motion (ROM) exercises were
taught. According to the tolerance of the patient, quadriceps,
hamstring, and gluteal sets were asked to start. In the first
week, ambulationwas allowedbyapplying 25%of bodyweight
with double crutches. They were asked to increase the weight
by 25%. After the 2nd week, the closed kinetic chain squat
exercises were shown (double leg, later one leg). After the 6th
week, cycling andprogressive resistance exerciseswere added
to the program according to patient tolerance.

Proprioceptionwas evaluatedwith the AJPSmethod using
digital inclinometer (Dualer IQ, J Tech Medikal).15 Digital
inclinometer consists of three velcros, two springs to align
the device, the main inclinometer and the auxiliary inclin-
ometer, and a connection wire between the inclinometers16

(►Fig. 1).
Standing position was chosen as the dynamic position in

the evaluation of knee proprioception. Prior to the applica-
tion, the inclinometer was placed on a flat surface and
calibrated at 0°. In the starting position, double-sided velcro
were placed on the leg to be tested at proximal and distal
locations of the knee so that inclinometers could be fastened.
The first inclinometer was fixed to the velcro which was
placed on the lateral centerline that runs over the femur
lateral epicondyle to trochanter major and lateral epicondyle
at the proximal location. The bottom line of the auxiliary
inclinometer was fixed to the velcrowhichwas placed on the
lateral centerline that runs just below the fibula head to
lateral malleolus and fibula head at the distal location. A
connection was established between the inclinometers via
the Ethernet cable.15–17 The participants were positioned at
an upright position and hands on hips, with the knee to be
tested at extension and the other knee at 15° to 20° flexion.12

Fig. 1 Digital inclinometer.
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The participants were taught about the target angles deter-
mined as 15°, 30,° and 60° by stopping at knee joint flexion
for 10 seconds (►Fig. 2). The participants were asked to
determine the angle in the next movement. Deviation of the
knee joint from the flexion angles of 15°, 30° and 60° were
recorded. The test was started randomly with one of these
angles. Triplicate trials were performed at each angle.17,18

During the evaluations, the participants rested for a minute
after each measurement and different joint angles were
followed without a certain order so that tiredness could be
prevented and so that the participants do not keep the angles
in their memories. Three repetitions were made for each
knee at all angles and the mean was calculated.17,18

Statistical Analysis
‘‘Statistical Package for Social Sciences’’ (SPSS) Version 20.0
(SPSS Inc., Chicago, IL) was used for the statistical analyses.
The normal distribution of the data was examined with the
“Shapiro–Wilk Test”. The variables that were determined
withmeasurements and that show normal distributionwere
analyzed through “Student’s t-test.” Statistical information
was given in the form of mean and standard deviation
(X � SD). The variables that were determined through mea-
surements and that do not show normal distribution were

indicated as median (25/75 interquartile range [IQR]) with
“Mann–Whitney U test.” The level of statistical significance
was found to be p < 0.05.

Results

Age, height, weight, and bodymass index (BMI) of the patient
group and the control group were similar (p > 0.05;
►Table 1). As seen in ►Table 1, the dominant leg and the
operated leg of the patient group, and the dominant leg of the
control group were the same.

When the proprioception results were compared in the
patient group, it was found that the proprioception deviation
angle was not different in the operated and nonoperated leg
at 15° flexion, yet it was found to be higher in the operated
leg at 30° and 60°of flexion compared with the other leg
(p < 0.05; ►Table 2).

When the proprioception results of the dominant and
nondominant leg in control group are compared, it was
found that proprioception deviation angle was relatively
higher in nondominant leg than the other leg at 30° and
60° flexion angles (p < 0.05; ►Table 3).

While the proprioception deviation angle was similar in
the patient and control group at 15° and 30° flexion in

Fig. 2 Proprioception assessment at 15°, 30°, and 60° knee joint flexion

Table 1 Demographic characteristics of the patient group and control group

Patient group Control group

(n ¼ 16) (n ¼16)

Demographic characteristics X � SD X � SD t p-Value

Age (y) 33 � 7.78 32.44 � 4.44 0.25 0.80

Height (cm) 176.25 � 7.07 174.48 � 6.63 0.75 0.46

Body weight (kg) 84.07 � 11.26 78.48 � 7.67 1.65 0.11

Body mass index (kg/m2) 27.06 � 3.26 25.76 � 1.97 1.36 0.18

Dominant leg (right [n]/left [n]) 16/– 16/–

Operated leg (right [n]/left [n]) 16/– –

Time elapsed after operation (y) 4.35 � 2.23

Abbreviations: t, Student's t test; X � SD, mean � standard deviation.
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intergroup comparisons (p > 0.05), it was higher in the
patient group at 60° flexion comparedwith the control group
(p < 0.05; ►Table 4).

When the proprioception results at 15°, 30°, and 60°
flexion angles in the patient and control groups were com-
pared, a statistically significant differencewas found at 15° to
30°, 15° to 60°, and 30° to 60° flexion angles. While the
biggest difference was between the 15° and 60° flexion
angles in both groups, the smallest difference was between
15° and 30° flexion angles. These differences were found to
be higher in the operated leg of the patient group than the
other leg of the patient group and the dominant leg of the
control group (►Table 5).

Discussion

In this study, we found that proprioception is similar at 15°
flexion in both legs of the patient and the control group.
However, we also found a loss of proprioception in the
operated leg at 30° and 60° flexion angles. On the other
hand, while the proprioception at 15° and 30° flexion angles
was found to be similar in the patient and the control group,
it was also revealed that therewas a loss of proprioception in
the operated leg at 60° flexion compared with the control

group. Another finding is that proprioception differed
between the operated leg and the control group at 15°,
30°, and 60° flexion angles each.

Proprioception at knee joint is often measured with the
“passive and AJPS” method.19–22 AJPS stimulates both the
joint and the muscle receptors and helps measure the
afferent paths in a more functional manner.11 However,
these two methods are conducted without applying weight
on the knee joint. Neither of these tests can differentiate
between the proprioceptive sense that comes from the
mechanoreceptors on the and the proprioceptive data com-
ing from the surrounding soft tissues and the joint capsule.23

To ensure the dynamic stabilization of the knee after the ACL
reconstruction, it is important to evaluate the input from
joint and muscle receptors in functional positions similar to
injury mechanism.10 When viewed from this aspect, we
thought that it would be more accurate to measure knee
proprioception with the AJPS method in addition to the
dynamic conditions. Also, instability and decreasing pro-
prioception that occur after the ligament trauma contribute
to the formation of functional instability. Thus, we chose to
measure knee proprioception in an upright position as the
dynamic position (at 15°, 30° and 60° knee flexion) since the
ACL except for direct trauma is similar to the proprioception

Table 2 Bilateral proprioception results of the patient group

Operated leg Other leg

Test angles X � SD Median (IQR) X � SD Median (IQR) p-Value

15°flexion 1.89 � 0.22 1.85 (1.70–2.30) 1.83 � 0.19 1.70 (1.70–2.30) 0.37

30°flexion 3.33 � 0.31 3.30 (2.70–3.70) 3.10 � 0.21 3.00 (2.70–3.30) 0.02�

60°flexion 5.27 � 0.31 5.30 (4.70–5.70) 5.02 � 0.23 5.00 (4.70–5.30) 0.03�

Abbreviations: IQR, interquartile range; X � SD, mean � standard deviation.
�Statistical significance p < 0.05.

Table 3 Bilateral proprioception results of the control group

Dominant leg Nondominant leg

Test angles X � SD Median (IQR) X � SD Median (IQR) p-Value

15° flexion 1.78 � 0.27 1.85 (1.30–2.00) 1.82 � 0.29 1.70 (1.30–2.30) 0.83

30°flexion 3.08 � 0.49 3.30 (2.30–3.70) 3.44 � 0.27 3.30 (3.00–3.70) 0.03�

60°flexion 4.88 � 0.28 4.85 (4.30–5.30) 5.08 � 0.21 5.00 (4.70–5.30) 0.04�

Abbreviations: IQR, interquartile range; X � SD, mean � standard deviation.
�Statistical significance p < 0.05.

Table 4 Comparison of proprioception in the patient and control group

Patient group Control group

Test angles X � SD Median (IQR) X � SD Median (IQR) p-Value

15°flexion 1.89 � 0.22 1.85 (1.70–2.30) 1.78 � 0.27 1.85 (1.30–2.00) 0.47

30°flexion 3.33 � 0.31 3.30 (2.70–3.70) 3.08 � 0.49 3.30 (2.30–3.70) 0.15

60°flexion 5.27 � 0.31 5.30 (4.70–5.70) 4.88 � 0.28 4.85 (4.30–5.30) 0.03�

Abbreviations: IQR, interquartile range; X � SD, mean � standard deviation.
�Statistical significance p < 0.05.
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mechanism that occurs during the injury mechanism. This
proposition is supported by the literature as well.10

Our literature review has shown that a limited number of
studies have used tibialis anterior tendon allograft for ACL
reconstruction24–26 and no studies have yet evaluated the
proprioception bymeasuring theknee joint inmore than one
angular position. Moreover, the studies inwhich other grafts
are used did not compare proprioception as in our study.
When viewed from this perspective, our study seems to be
the first study. On the other hand, there are studies in the
literature that were performed with different grafts and that
compared proprioception at 15° and 60° flexion following
the ACL reconstruction with the healthy control
group.19–22,27–29

Risberg et al found the knee proprioception similar at
15° knee flexion angle in the patient and the control group
approximately 2 years after the anterior cruciate ligament
reconstruction with patellar tendon autograft.27 Another
study used AJPS evaluated proprioception on 15 patient
and 15 healthy elite sportsmen with the isokinetic dynam-
ometer 19 months after the ACL reconstruction with ham-
string tendon autograft. The same study revealed that knee
proprioception at 30° knee flexion angle was not different
in the patient group compared with the healthy group.20

Silva et al compared proprioception in the healthy and the
patient group with AJPS between 40° and 60° flexion
angles and the isokinetic dynamometer after the rehabili-
tation program that lasted for 5 months following the ACL
reconstruction. They found that the proprioception error
angle of the patient group was lower compared with that of
the healthy group.19 On the other hand, Angoules et al
reported that joint position sense (at 15°, 45°, and 75°) and
time threshold to detection of passive motion returned to
normal after 6 months in patients who underwent auto-
graft (hamstring or bone patellar tendon bone).28 The same
researchers also noted that there was no difference
between the two groups used different autograft. Similarly,
Ozenci et al found that there was no difference in AJPS
compared with the intact leg 25 months after the ACL
reconstruction (bone-patellar tendon-bone allograft).29

When these studies are examined, it is seen that while
the results of 15° and 60° knee flexion angle are different,
the knee proprioception at 30° knee flexion angle is similar
to the one in our study, in spite of the use of different grafts
and methodologies.19–21,27–29

In our study, we found that the error angles in the patient
group were higher compared with the control group only in
the proprioception evaluation at 60° flexion angle. This may
have several reasons. The first reason is loss of mechanor-
eceptor in the ACL; the second reason is joint movements
that exceed medium flexion angles like the 60° flexion angle
of the knee are used less in the standing position and
accordingly, proprioception is weaker in 60° compared
with 15° and 30° (a similar result was obtained in thehealthy
group); the third reason could be the fact that following the
ACL reconstruction, patients avoid movements that involve
such positions because they fear being injured again. Our
findings seem to support this assumption in that according to
our results, proprioception at 15°, 30°, and 60° flexion angles
are different and as the angle increases, proprioception
difference also increases.

Limitation

One limitation of this study is that we did not know the
proprioception values of the patient group prior to the ACL
reconstruction. Thus, we could not compare the propriocep-
tion values of the patients pertaining to approximately
4 years after the ACL reconstruction with values pertaining
to the prereconstruction.

Conclusions

Our study revealed that there was a loss of proprioception at
30° and 60° flexion, approximately 4 years after the anterior
cruciate ligament reconstruction with tibialis anterior ten-
don allograft. It was also found that the biggest propriocep-
tion differencewas between the 15° and 60° flexion angles in
both the patient and the control group that the difference
between 15° and 30° flexion angles is lowest, and that these
differences arehigher in the operated leg of the patient group
compared with the other leg of the patient group and to the
dominant leg of the control group. As approximately 4 years
after the ACL reconstruction with tibialis anterior tendon
allograft, loss of proprioception at 60° knee flexion contin-
ued, ACL injury related to loss of proprioceptionmayoccur at
angles higher than 30° flexion.

Conflict of Interest
None declared.

Table 5 Comparison of proprioception at different angles in the patient and control group

Test angles compared

15°–30°
flexion

Difference p-Value 15°–60°
flexion

Difference p-Value 30°–60°
flexion

Difference p-Value

Patient
group

Operated
knee

1.89–3.33 1.44 < 0.001 1.89–5.27 3.38 < 0.001 3.33–5.27 1.94 < 0.001

Other
knee

1.83–3.10 1.27 < 0.001 1.83–5.02 3.19 < 0.001 3.10–5.02 1.92 < 0.001

Control
group

Dominant
leg

1.78–3.08 1.30 < 0.001 1.78–4.88 3.10 < 0.001 3.08–4.88 1.80 < 0.001
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