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Abstract

Background: Rupture of anterior cruciate ligament is one
of the most common knee injuries, Anterior Cruciate Ligament
Reconstruction (ACLR) remains the standard approach for
athletes who aim to return to high level sporting activities,
neuromuscular training is a main part of the rehabilitation
program after ACLR.

Aim of the Study: This study was conducted to detect the
effect of early neuromuscular training on knee propioception
after ACLR.

Methods: Thirty patients of both gender after ACLR with
age ranged from 20-30 years were included in the study. All
patients were referred by orthopedic surgeon who was respon-
sible for diagnosis and surgery based on clinical and radio-
logical examination. They were randomly assigned into 2
Groups A included 15 patients who received standard ACL
rehabilitation protocol and Group B included 15 patients who
received standard ACL rehabilitation protocol in addition to
neuromuscular training for three sessions per week for 6
weeks. The study was conducted at a private clinic in Alex-
andria in the duration from November 2016 to August 2017.

Methods of Evaluation: The digital inclinometer used to
assess knee proprioception (joint position sense) after ACLR.

Results: Showed that both standard ACL rehabilitation
protocol (Group A) and standard ACL rehabilitation protocol
adding early neuromuscular training (Group B) were effective
in improvement of the knee proprioception with no statistical
difference between the two groups.

Conclusion.: There was no significant difference in knee
proprioception between standard rehabilitation protocol with
or without adding early neuromuscular training, however
there was clinical difference and high percent of improvement
in adding adding early neuromuscular training to standard
rehabilitation protocol.
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Introduction

RUPTURE of the ACL is one of the most common
knee ligament injuries, with an annual incidence
of 35 per 100 000 people [1]. More than two hun-
dred and thousand ACL injuries occur each year
in the United States, and approximately 65% of
these injuries are treated with reconstructive sur-

gery [2].

The ACL injury is characterized by joint insta-
bility, leading to decreased activity, which can lead
to poor knee-related quality of life. It is also asso-
ciated with increased risk of secondary osteoarthri-
tis of the knee [3].

Conservative (non-surgical) interventions are
used as treatment for ACL injury. This usually
takes the form of a progressive rehabilitation pro-
gram that includes exercises aimed at improving
strength and balance [3].

Anterior cruciate ligament reconstruction re-
mains the standard approach for athletes who aim
to return to high level sporting activities [4]. It is
a common procedure to allow patients to return to
their former active lifestyle. Rehabilitation of the
reconstructed knee is critical for the successful
return to risky cutting and jumping activities [5].

Lack of neuromuscular control of the lower
extremity and muscle strength (force generating
capacity) are 2 of the main impairments following
ACL injury therefore they are a component of
rehabilitation after the injury and their re-
establishment has recently been recognized as one
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of the keysfor restoring dynamic joint stability
and functional movement patterns [6].

Neuromuscular training is used to treat neu-
romuscular deficits following ACLR like the res-
toration of limb symmetry and normal movement
patterns which will not only maximize functional
performance but also decrease future injury risk.
Thereis strong evidence for the effectiveness of
this type of training in modifying risky neuromus-
cular patterns in healthy athletes and athletes who
are ACL deficient [7].

It isessential for functional recovery following
ACLR and secondary prevention (re-rupture). It
should start as soon as walking without crutches
is possible, with gentle non-complex exercises
using minimal weight and developing from static
to dynamic balance training and into agility training
and sport-specific exercises [§].

Abnormal neuromuscular patterns and signifi-
cant physical impairments characterize the acute
post injury phase [7].

Hewett et al.; [9] stated that “balance exercises
on the balance board could start early in the post-
operative periods. Proprioceptive exercises actually
begin when the patient steps on the ground early
in the post-operative period”.

Thereis no clearly defined starting time for
proprioceptive training. Regaining confidence,
absence of pain and willingness to exercise are
factors contributing to the start of balance train-
ing [10].

Subjects and M ethods

The study design is randomized controlled trial
which was conducted from November 2016 till
August 2017. Patients undergoing ACL reconstruc-
tion using Bone Patellar Tendon Bone (BPTB)
graft, their age ranged from 20-30 years old and
both genders. The participants were selected from
a private orthopedic and arthroscopic center. After
inclusion in the study all patient were asked to
sign an informed consent form. Patients were
excluded if they had congenital muscul oskel etal
deformity, rheumatic disease and any traumatic
knee condition (ruptures to other knee ligaments,
repairable meniscal tears).

All patient were randomly assigned using closed
envelop method into 2 groups: Group (A) included
15 patients received standard ACL rehabilitation
protocol and Group (B) 15 patients received stand-
ard ACL rehabilitation protocol adding early neu-
romuscular training.

Knee proprioception (joint position sense) as-
sessment:

All patient joint position sense was measured
by active repositioning of the lower limb using the
digital inclinometer Fig. (1).

The patient was asked to sit on araised plinth
with hips and knees at 90 degree flexion with the
legs dangling. The patient was tested in quiet
surroundings to eliminate visual and auditory
stimuli. The inclinometer was attached to the |ateral
aspect of the lower leg.

The clinician passively extended the patient
lower leg to each of the target angles of 20, 30,
40, 50, and 60 randomly The leg was held there
for 5 seconds by the clinician to allow the subject
to memorize the position. The patient was instructed
by the clinician not to voluntarily contract their
muscles. Then, the clinician slowly returned the
lower leg to the start position.

After the 5 secondsinterval, patient was asked
to actively reproduce the test angle with their eyes
closed using the same angles and hold it for about
2 seconds, patients acknowledged verbally when
they believed that they had achieved the angle,
and the clinician recorded the knee angle displayed
on the upper block at the reproduced position.

The angle of error which is between the targeted
angle and the reproduced angle by the subject is
compared pre and post the treatment to measure
the difference in the joint proprioception.

Fig. (1): Joint position sense assessment.

Treatment procedure:

Group A (control group): Fifteen patients re-
ceived standard ACL rehabilitation Protocol (2, 8,
and 11). Exercisesin this group included patellar
mobilization, gait training active knee range of
motion exercises, quadriceps isometrics, hamstring
isometrics, straight leg raising exercises, wall sides



Al-Hassan M.M. Mohamed, et al.

step-ups in pain-free range, incision mobilization,
Prone hangs, step ups and step downs and balance
exercise. Exercise was done for 3 times aweek for
6 weeks duration (Appendix I).

Group B (study group): Fifteen patients received
standard ACL rehabilitation protocol in addition
to early neuromuscular training (Appendix 11).

Post-operative Rehabilitation Program Phases
(adopted from Van Grinsven et al.; [8], Adams et
a., [2) and Joreitz et al., [11].

Immediate post-operative phase (week 1):
Criteria to start next phase:
1- Knee active/passive ROM (0° to 90°.

2- Active quadriceps contraction with superior
patellar glide.

Treatment:

* Patellar mobilization.

» Control of pain and inflammation through doing
ice application for 10 minutes pre and post the
session.

 Gait training; improve gait pattern. (Within pain
tolerance).

» Neuromuscular Electrical Stimulation (NMES).

» Home exercise program: Supine wall slides, self-
patellar mobilizations 3 X 10 repetitions (3 times
per day), quadriceps set, hamstring set and straight
leg raise 3 X 10 repetitions (3 times per day).

Early post-operative phase (week 2):

Criteria to start next phase:

1- Knee flexion greater than 110°.

2- Walking with or without one crutch.

3- Walking with full knee extension.

4- Reciprocal stair climbing.

5- Straight leg raise without a knee extension lag.

Treatment:

* Incision mobilization as needed (if skin is healed).

* Prone hangs.

* SLR (without extension lag). 3 sets X 10 repeti-
tions.

» Quadriceps and gluteal sets. 3 sets X 10 repeti-
tions.

* Hip abduction from sidelying. 3 sets X 10 repe-
titions.

* Patellar mobilization in flexion (if flexion is
limited).
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I nter medi ate post-oper ative phase (weeks 3-5):

Criteria to start next phase:

1- Knee flexion ROM to within 10° of uninvolved

Side.

Treatment:

 Tibiofemoral mobilizations with rotation for
ROM if joint mobility is limited.

* Begin balance and proprioceptive activities.

N.B.:

* The exercisesin the protocol were done according
to the patient tolerance.

* The patient was instructed to do the exercise at
home daily as a home program.

Group B:

Patient received post-operative rehabilitation
programs mentioned with Group A adding early
neuromuscular training (Appendix I1).

Week 1:

A- Weight shift was performed in medial and lateral
direction with eye opened and triesto maintain
kneein full extension astolerated [17].

B- Ball rolling in all direction from sitting with
eye opened.

C- Put hisleg on step from setting.

Week 2:

A- Weight shift with eye closed in medial and
lateral direction [12].

B- Weight shift with eye closed in anterior and
posterior direction.

C- Forward and backward step from standing [13].

D- Sideway step [13].

E- Elastic ropein al direction [14].

F- Wall squat.

G- Standing on balance board with minimum sup-
port astolerated [15].

Week 3:

A- Standing on balance board without support [15].

B- Star exercise [16].

C- Ball ralling in all direction from standing on
sound limb with eye open and progressto eye
closed.

Satistical analysis:

Descriptive statistics were used to describe
subject characteristicsin form of mean * standard
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deviation of age, weight, height and Body Mass
Index (BMI) of both groups.

MANOVA test was used to test the mean dif-
ference within and between groups using SPSS for
windows, Version 22 (SPSS, Inc., Chicago, IL).

Results

General characteristics:

The current study was conducted on 30 patients
(10 females and 20 males) after ACL reconstruction.
As indicated by the independent t test, there were
no significant differences (p>0.05) in the mean
values of age, body mass, and height between both
tested groups before treatment (Table 1). Chi square
revealed there was no significant differences be-
tween both groups in sex distribution (p>0.05).

Table (1): Physical characteristics of patients in both Groups

(A &B).

Ttems Group A Group B Comparison

Mean = SD Mean + SD p-value
Age (years) 23.4612.74 22.9342.43 0.578
Body mass (Kg) 70£8.12 71.33£5.3 0.599
Height (cm) 173+7.25 174.3316.38 0.597
BMI (kg/m?) 23.29+1.48 23.40%1.21 0.822

Group A Group B p-value

Female 5 (33.3%) 5 (33.3%) 1.00
Male 10 (66.7%) 10 (66.7%)
*SD : Standard Deviation. S : Significance.

p  :Probability. NS : Non-Significant.

Absolute angular error:
1- Within group's analysis:

As presented in (Table 2) and illustrated in Fig.
(2), within group's comparison the mean + SD
values of absolute angular error in the "pre" and
"post" tests were 4.15+1.34 and 2.91£1.32 respec-
tively in the Group (A). Multiple pairwise compar-
ison tests (post hoc tests) revealed that there was
significant reduction of absolute angular error at
post-treatment in compare to pre-treatment (p-
value=0.0001 *). While, the mean * SD values of
absolute angular error in the "pre" and "post" tests
were 4.56+ 1.80 and 2.54% 1.66 respectively the
Group (B). Multiple pairwise comparison tests
(post hoc tests) revealed that there was significant
reduction of absolute angular error at post-treatment
in compare to pre-treatment (p-value=0.0001%).

2- Between groups analysis:

Using pairwise comparison tests (post hoc tests)
revealed that the mean values of the "pre" test
between both groups showed no significant differ-
ences with (p=0.487) and of the "post" test between
both groups with (p=0.506). In spite of there was

no statistical significant difference between both
groups, there was clinical difference and high
percent of improvement in favour to Group B.

Table (2): Absolute angular error pre and post-test at both

groups.
Absolute Pre test Post test M % of
angular error Mean = SD  Mean = SD change  value
Group A 4.15%1.34  291+1.32 123 29.631 0.0001*
Group B 456t1.80 2.54*1.66 2.01 44.07t 0.0001*
MD -0.41 0.37
p-value 0.487 0.506

* : Significant level is set at alpha level <0.05.

MD . Mean Difference.
p-value : Probability value.
SD : Standard Deviation.
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Fig. (2): Mean values of absolute angular error pre and post-
tests in both groups.

Discussion

Rehabilitation after ACLR is necessary for a
successful surgical outcome. The main goals of
rehabilitation is to control pain and inflammation
and to enhance range-of-motion, strength and
propioception. Neuromuscular training exercises
are a part of the rehabilitation program that should
be considered.

The present study was conducted on patients
who underwent arthroscopic ACLR. All patients
underwent standard rehabilitation protocol with or
without early neuromuscular training for 6 weeks
and then knee propioception was compared pre
and post the treatment.

This study show a significant (p<0.05) improve-
ment in knee proprioception in both groups. These
results confirmed the effective role of standard
rehabilitation protocol alone or with adding early
neuromuscular training on knee proprioception
after ACL reconstruction.
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So our study agree with Adamset al. [2] in the
importance of the standard rehabilitation protocol
after ACLR inimproving knee function and propi-
oception.

Our study also agree with Holm et a. [17] whom
studied the effect of neuromuscular training on
proprioception and balance. The author concluded
that there was a significant improvement in dynamic
balance. For static balance, no statistically signif-
icant changes were found. This could be expected
due to the fact that co-ordination, endurance, muscle
strength and proper biomechanical movement pat-
tern are the most problems after ACLR, which are
improved by adding neuromuscular training to our
rehabilitation protocol. This kind of training helpful
for preventing recurrence and future injuries [21].

Our study also agreed with Paterno et al. [21]
whom stated that “the balance component was
improved following preseason neuromuscular train-
ing and also there were improvement of postural
stability and dynamic joint stability of the knee
joint”.

And agreed with Akbari et al. [18] whom eval-
uated the effect of balance training in early stage
of knee rehabilitation after ACLR and concluded
that balance exercise could partially improve dy-
namic stability indicesin early stage of ACLR
rehabilitation.

This agreement might be due to the nature of
the ACL as being aligament that contains propri-
oceptive receptors and responsible for knee propi-
oception so after its rupture and reconstruction
knee propioception start to be affected and needs
a specific type of exercisesto concentrate on the
propioception.

But we found in our study that there was no
significant difference in knee proprioception be-
tween both groups pre and post-treatment.

In astudy done by Risberg et al. [6] they meas-
ured pain and function in arandomized control
trial using visual analog scale, hop tests, isokinetic
muscle strength, and static and dynamic balance
tests. They found that there were no significant
differences between the standard group whom
received traditional strength training and neuromus-
cular training group for the balance and proprio-
ception. Suggesting that exercises included in the
neuromuscular training program should be part of
the rehabilitation program (traditional strength
training without neuromuscular training) following
ACLR. And the results of our study agree with
them.
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Our result also agree with Kruse et al. [19]
whom stated that “although neuromuscular inter-
ventions are not likely to be harmful to patients,
they are also not likely to yield large improvements
in outcomes or help patients return to sports faster”.

Founding no significant difference between the
both groupsisin contrary to what Akbari et al.
[18] reported and this may be due to the difference
in the exercise both of us used and difference in
their timing in the rehabilitation protocol as he
applied the neuromuscular training for 6 months
after ACLR.

Neuromuscular training exercise is wide range
of exercises with its progression and may be started
a different time during the rehabilitation phases
and that difference may be the main cause of the
contradiction of the results between researchers.

Conclusion:

Based on the finding of the present study the
following can be concluded:

* Both standard ACL rehabilitation protocol and
standard ACL rehabilitation protocol adding early
neuromuscular training are effective treatment
for improve knee proprioception after ACL re-
construction.

*» There was no significant difference in knee pro-
prioception between standard rehabilitation pro-
tocol with or without adding early neuromuscular
training, however there was clinical difference
and higher percent of improvement in adding
adding early neuromuscular training to standard
rehabilitation protocol.
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