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Purpose: The aim of the study was to assess static balance after reconstruction of the anterior cruciate ligament (ACL), using gracialis ten-
dons graft (GR) or semi-tendinosus (ST), compared to patients treated with the Ligament Advanced Reinforcement System (LARS). The
study was performed within 36 to 48 months after the surgery. Methods: The study included 96 patients. The LARS group consisted of
44 patients, control group operated with ST/GR tendons included 52 patients. The stabilometric platform Alpha was used to assess the
static balance. Two 30-second trials in the double-leg stance position with eyes opened and closed were performed. The distribution of loads
in a free standing was also assessed. Results: In the test with open eyes the subjects from the LARS group had a significantly longer center of
pressure (COP) path, a higher mean velocity, a greater mean COP sway in foot in the lateral direction and a larger path area occupied by the
COP graph. During the tests with eyes closed, a significant difference occurred in the mean displacement of COP in lateral direction
– greater in the LARS group. In addition, all parameters deteriorated during the tests with eyes closed in both groups. Conclusions: In static
balance assessed with eyes closed, more proprioceptive deficits may appear in the LARS group.
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1. Introduction

Direct result of an injury of the structures of the
musculoskeletal apparatus is joint instability [5]. The
anterior cruciate ligament (ACL) stabilizes the tibia
against excessive anterior translation relative to the
femur. It also plays an important role in controlling the
axis of rotation, primarily internal, and thus contributes
to the rotational stabilization of the knee joint [30].

In addition to the surface of the femur and tibia, there
are also mechanical receptors at the site of the ACL
insertion, such as: Paccini bodies, Ruffini endings, and

Golgi tendon organs, which play an important role in
proprioception [27]. Therefore, ACL injury causes not
only mechanical instability, but also affects the deterio-
ration of deep sensation [27]. Previous studies confirmed
the association between ACL injury and disturbed in-
formation from deep sensory receptors [11]. The conse-
quence of disrupted information flow from the ligament
mechanoreceptors to the central nervous system may be
disorders of postural stability [23].

Stability of body posture depends on various factors,
including age, level of physical activity, muscle strength
and the incidence of previous injuries in the lower limbs
[26]. Information about the relationship between pro-
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prioception and postural stability are inconsistent. Lee et
al. [14] showed a significant positive correlation between
threshold for the detection of passive motion proprio-
ception and the dynamic balance for the lower limb after
ACL injury. In subsequent studies [13], the authors did
not confirm this relationship.

Impaired proprioception of the knee joint and ab-
normal postural stability may adversely affect patient
satisfaction with treatment outcomes [18]. Obtain-
ing optimal stability and efficiency of the knee joint is
a challenge for surgeons during ACL reconstruction [4]
and physiotherapists planning effective rehabilitation
after the surgery [12]. In the process of comprehensive
treatment of patients after ACL injuries, it is important to
use the appropriate method and technique of reconstruc-
tion and individual physiotherapy protocol [12].

One of the methods of ACL reconstruction is the use
of synthetic ligaments, the Ligament Advanced Rein-
forcement System (LARS). Synthetic LARS fibres are
made of terephthalic polyethylene polyester fibres [29].
The internal part of the ligament consists of many paral-
lel fibres twisted at an angle of 90 degrees, which en-
sures an even distribution of tension along its entire
length. The porous structure of the weave provides better
ability to ingrow into biological tissues and reduces fibre
wearing [10]. The advantage of using this technique of
reconstruction is minimization of soft tissues injuries in
the knee joint. The ACL stump is anchored to the mesh-
work of the LARS to support the optimization of the
primary ACL tissue regeneration and helps to preserve
some vascularization and deep sensory receptors [7].

Only few reports are available on the return of full
function of the knee joint after the LARS reconstruc-
tion, therefore, the aim of our paper is to compare the
postural stability in patients after ACL reconstruction
with LARS and autogenous graft.

2. Materials and methods

In compliance with the Declaration of Helsinki, all
participants were informed about the purpose and
course before entering the study and they gave their
informed consent to participate in it. The Bioethics
Committee of the Faculty of Health Sciences at Jan
Kochanowski University in Kielce gave the consent
No. 7/2015 to conduct the study.

2.1. Seeting

The tests were performed in the Physiotherapy
Laboratory at the Holy Family Specialist Hospital in

Rudna Mała near Rzeszów, Podkarpackie Province,
Poland. All examined patients performed tests at the
same time, in the morning, in a specially prepared
place. The tests were carried out from January 2015 to
June 2015.

2.2. Participants

The patients were enrolled by a call at the Holy
Family Specialist Hospital in Rudna Mała. After the
initial qualification, patients aged 27 to 50 years who
underwent ACL reconstruction in 2010–2012 were
included to the study.

The inclusion criteria for the study were: recon-
struction of the ACL with two types of grafts: syn-
thetic LARS and autogenous from the semitendinosus
or gracialis ST/GR muscle, the period after the surgery
between 36 and 48 months, age from 27 to 50 years
of age.

Exclusion criteria were: bilateral ACL injury, re-
vision ACL reconstruction, multi-ligament lesions,
surgical treatment of trauma to lower limb joints, con-
genital malformations of lower limbs, disturbed bal-
ance of neurological background, lack of consent for
participation in the study.

Patients after the reconstruction were subjected to
comprehensive rehabilitation. According to the guide-
lines from the literature, it is an important element in
restoring both active and passive stability of the knee
joint [21]. Depending on the existing structural and
functional deficits and indications, it lasted from 8 to
16 weeks (14 weeks on average).

The main goal of rehabilitation in the initial period
was to reduce exudate, edema and pain, and then
gradually restore full function of the joint: mobility,
proprioception, strength and coordination. The post-
-surgery rehabilitation program consisted of protocol
including the PRICE principle (in the initial period),
progressive weight-bearing walking, progressive range
of motion (ROM) exercise, progressive strengthening
exercise of the knee muscles, stretching exercises,

Table 1. Characteristics of the studied groups

Variable LARS Group
(N = 44)

ST/GR Group
(N = 52)

Sex N % N %
Woman 7 15.9 13 25.0
Man 37 84.1 39 75.0
Age x s x s

38.8 8.0 34.6 7.3

N – number of observations, % – percent, x  – arithmetic
mean, s – standard deviation.
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proprioception exercises and stabilization of the
knee as well as the educational program focused on
the potential post-surgical complications and limi-
tations.

After considering inclusion and exclusion criteria,
96 patients were included in the study. They were di-
vided into two groups: LARS group (n = 44) and
ST/GR group (n = 52). The characteristics of the studied
groups are presented in Table 1.

2.3. Assessment of Static Balance
and load distribution

Assessment of postural stability and load distribu-
tion was carried out using the ALFA stabilometric
platform. Three tests were performed in the double-
leg stance position: the Romberg test with open eyes
and the Romberg test with eyes closed to assess pos-
tural stability and the test to assess the distribution of
loads with eyes open. The tests lasted 30 seconds. The
subjects performed two trials of each test, separated
by a minute rest, which allowed to eliminate the dis-
comfort associated with longer standing in a still po-
sition. The results were averaged for further analysis.
Each of the tests on the platform was preceded by
performing one complete activity in order to mini-
mize the learning effect. In the analysis, this trial was
not taken into account. The subject adopted and
maintained the position with the arms alongside the
body and the head in an intermediate position. Dur-
ing the tests, the patients were asked to direct their
sight to a fixed point placed on the wall at a distance
of 1 meter from the subject. The feet setting on the
platform was determined by fixed lines placed on the
plate of the posturographic platform. The tests were
performed barefoot, in conditions not interfering
with its course [28].

A set of parameters was chosen to the analysis of
the results, based on the Romberg test:
– COP path length, i.e., the total path travelled by

the Center of pressure (COP) tested within 30 s, ex-
pressed in cm: with eyes open (LcopOe) and with
eyes closed (LcopCe);

– Mean COP deviation in the anterio-posterior
(AP) direction, expressed in cm: with eyes open
(MAPSCOPOe) and with eyes closed (MAPSCOPCe);

– Mean COP deviation in the lateral (L) direction
expressed in cm: with eyes open (MLSCOPOe) and
eyes closed (MLSCOPCe);

– Mean COP velocity in AP direction expressed
in cm/s: with eyes open (MVAPSCOPOe) and eyes
closed (MVAPSCOPCe);

– Mean COP velocity in the L direction expressed
in cm/s: with eyes open (MVLSCOP Oe) and eyes
closed (MVLSCOPCe);

– COP path area plotted during the test, expressed
in cm2: with eyes open (FCOPOe) and with eyes
closed (FCOPCe).
A set of parameters was chosen to the analysis of

the results based on the load distribution test:
– Distribution of load for a healthy lower limb, ex-

pressed as a percentage (DTH – Distribution Test
Health),

– Distribution of load for a lower limb after recon-
struction, expressed as a percentage (DTAR – Distri-
bution Test After Reconstruction).

2.4. Data analysis

The parameters analysed did not have a normal
distribution in the analysed groups (p from the Sha-
piro–Wilk test below 0.05). Mann–Whitney U-test
was used to evaluate the significance of the differ-
ences in the selected stabilometric parameters between
LARS group and ST/GR group. Wilcoxon matched-
pairs test was used to check the intra-group variability
that occurs in the tests with open and closed eyes.

The statistical analysis of the collected material
was carried out in the SPSS Statistics 13.1. The level
of statistical significance was adopted at p <0.05.

3. Results

In the tests with open eyes, the LARS group
showed a significantly longer COP path covered
within 30 s, greater mean COP deviation in the L di-
rection, higher mean COP velocity towards AP and
L direction, and larger COP area plotted within 30 sec-
onds. In both groups, COP tended to have more poste-
rior (P) deviations than anterior (A) ones, the trend
was more pronounced in the ST/GR group.

In tests with eyes closed, statistically significant
difference between the compared groups occurred
only at the parameter of the mean COP deviation in
the L direction (greater deviations in the LARS group)
(Table 2).

In the tests with eyes closed, all assessed parame-
ters deteriorated in both groups. In the LARS group,
statistically significant differences were found in all
analysed parameters between the trial performed with
open and closed eyes. However, in the ST/GR group,
significant differences did not occur in two analysed
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parameters – in the mean COP deviation in the AP
direction (MAPSCOP) and in the mean COP deviation
in the L direction (MLSCOP) (Table 3).

Table 3. Differences in the stabilometric parameters
between the tests with eyes closed and eyes opened

in LARS group and ST/GR group

LARS Group
(N = 44)

ST/GR Group
(N = 52)Variable

x p x p
LCOPOe 27.89 21.49
LCOPCe 42.09

<0.001
38.12

<0.001

MAPSCOPOe –0.03 –0.09
MAPSCOPCe –0.18

0.044
–0.15

0.146

MLSCOPOe 0.19 –0.16
MLSCOPCe 0.34

0.018
–0.19

0.873

MVAPSCOPOe 0.59 0.47
MVAPSCOPCe 0.79

<0.001
0.76

<0.001

MVLSCOPOe 0.68 0.56
MVLSCOPCe 1.05

<0.001
1.00

<0.001

FCOPOe 1.84 1.21
FCOPCe 3.42

0.005
2.18

<0.001

N – number of observations, x  – arithmetic mean, p – Wil-
coxon test.

In the ST/GR group, load distribution was distrib-
uted on average by 50% on both limbs, while in the
LARS group, healthy leg took on an average slightly
more load of 50.8%. At the same time, the analysis
did not show statistically significant differences in the
results between the groups regarding load distribution
(Table 4).

Table 4. Comparison of load distribution results
in the LARS group and in the ST/GR group

LARS Group
(N = 44)

ST/GR Group
(N = 52)Variable

x s x s
p

DTH 50.8 2.1 50.0 2.1 0.164
DTAR 49.3 2.1 50.0 2.1 0.164
Difference –1.5 4.1 –0.0 4.2 0.164

N – number of observations, x  – arithmetic mean, s – stan-
dard deviation, p – Mann–Whitney U-test.

4. Discussion

Reconstruction of ACL is a standard procedure for
people who want to return to an active lifestyle [17].
LARS ligament under arthroscopy is a minimally
invasive, safe and effective method used especially in
people who require a quick return to high levels of
sport activity [10]. Ardern et al. [1] show that only
55% of athletes return to competitive sport, and only
65% of them return to their pre-injury level of per-
formance after ACL reconstruction. However, the
type of reconstruction was not considered in the stud-
ies. Paterno et al. [24] indicate that athletes who re-
turned to sport show an increased risk of ACL re-
injury. A distant consequence of such damage may be
a faster development of a degenerative disease limit-
ing physical fitness [15]. Different results presented
Gao et al. [8], who published data from the 50-month
observation concerning 159 patients after ACL recon-
struction with the LARS. All respondents returned to

Table 2. Comparison of the results of the Romberg test with open and closed eyes in the LARS group and the ST/GR group

LARS Group (N = 44) ST/GR Group (N = 52) p
Variable

x Me Min. Max. s x Me Min. Max. s
LCOPOe 27.89 25.35 9.40 112.50 16.35 21.49 20.10 1.40 49.00 9.24 0.007
MAPSCOPOe –0.03 0.00 –1.10 0.50 0.30 –0.09 0.00 –1.60 0.80 0.44 0.405
MLSCOPOe 0.19 0.10 –0.90 2.00 0.54 –0.16 0.00 –4.80 1.30 0.15 0.021
MVAPSCOPOe 0.59 0.50 0.20 2.20 0.32 0.47 0.40 0.20 1.10 0.18 0.010
MVLSCOPOe 0.68 0.60 0.20 2.60 0.40 0.56 0.50 0.20 1.10 0.22 0.050
FCOPOe 1.84 1.25 0.20 11.10 1.93 1.21 0.90 0.20 9.30 1.42 0.007
LCOPCe 42.09 36.00 16.10 167.80 27.49 38.12 36.45 12.20 81.70 15.46 0.918
MAPSCOPOe –0.18 –0.10 –3.20 1.70 0.68 –0.15 –0.10 –1.40 0.80 0.46 0.886
MLSCOPCe 0.34 0.25 –1.00 2.10 0.73 –0.19 –0.10 –4.10 2.10 1.02 0.007
MVAPSCOPCe 0.79 0.70 0.30 2.90 0.50 0.76 0.70 0.30 1.60 0.28 0.419
MVLSCOPCe 1.05 0.90 0.40 4.30 0.68 1.00 1.00 0.30 1.90 0.41 0.668
FCOPCe 3.42 1.75 0.20 29.30 5.36 2.18 1.65 0.30 9.40 1.69 0.702

N – number of observations, x  – arithmetic mean, Me – median, Min – minimum, Max – maximum, s – standard deviation,
p – Mann–Whitney U-test.
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sport before the end of the six months, and the re-
rapture occurred only in 1.9% of people. Nau et al.
[20] observed 27 people after ACL reconstruction
using autogenous graft from the patellar ligament and
26 people after reconstruction with LARS ligament
for 27 months. They did not notice differences be-
tween the groups in terms of re-injury and other com-
plications, and the only difference in favour of the
LARS group was a faster rehabilitation protocol and
earlier return to sport.

The injury followed by reconstruction and reha-
bilitation result in temporary absence of a person from
work and require large financial spending [17]. There-
fore, it is extremely important to indicate and elimi-
nate modifiable risk factors for injury or re-injury of
the ACL ligament. Paterno et al. [25] indicate that
abnormal postural stability after ACL reconstruction
can lead to re-injury. It is related to coordinated inte-
gration of sensory input from the vestibular and visual
systems and on somatosensory information from the
extremities, which gives the position and the move-
ment of the joints and body [6].

This paper attempts to answer whether postural sta-
bility is at a similar level in patients after ACL recon-
struction, regardless of the type of graft used. All sub-
jects performed a stabilometric test on a force platform
in both visual conditions – with eyes opened and closed
as well as load distribution test. Objective measure-
ments of static balance and postural control using com-
puterized force platforms are considered to be “gold
standards” for clinical and scientific practice [16].

According to Overmoyer et al. [22], the smaller
the amplitude, the deviation length and mean velocity
of COP, the better the postural stability. In our studies,
differences in the absolute values of the mean COP
deviations in the L direction were found in the Rom-
berg test. Larger deviations in this plane occurred in
the LARS group, which may indicate worse proprio-
ception from the knee joint in this group. Research
conducted by Baloha et al. [3] indicated that the
measurements in the frontal plane are a more sensitive
indicator of balance disorders than measurements in
the sagittal plane. At the same time, in our subjects,
these deviations increased their amplitude in both
groups during the trial with closed eyes, however,
they increased significantly in the LARS group. This
may indicate that the lack of visual input during the
eyes closed test emphasize greater persisting proprio-
ceptive deficits in the group of LARS patients. A sys-
tematic review by Howells et al. [9] presented the
results from the studies in which a total of 644 subjects
were assessed, on average in the period of 29 months
after the reconstruction. In static balance tasks, there

was a trend towards improved postural control in the
group for eyes-open but not in the eyes-closed condi-
tions. There was also evidence suggesting impaired
postural control in patients following surgery, com-
pared to controls, especially for more challenging
tasks.

However, visual control is also important in
healthy people in maintaining body balance. Asseman
et al. [2] tested young athletes on the platform in three
static test positions. Deprivation of the sense of sight
resulted not only in increased COP oscillation, but
also in an increase in the mean velocity of its devia-
tions in the assessed planes.

Analysing the COP deviations in the sagittal plane,
no significant differences were found between the
groups. In both groups, COP tended to be more devi-
ated posteriorly than anteriorly, a trend was more pro-
nounced in the subjects from the ST/GR group. At the
same time, the LARS group was characterized by on
average greater COP deviation velocity in both planes
(sagittal and frontal) then the ST/GR group. However,
they were statistically significant only for MVAPS
index in the eyes open test.

Mostafaee et al. [19] examined 54 Iranian patients
on the platform after ACL reconstruction before and
after a 4-week rehabilitation period. They performed
both static and dynamic postural tests. The results of
static postural measures indicate the mean and the SD
of velocity in AP and ML directions as the most re-
sponsive COP parameters for discriminating between
improved and unimproved patients.

There are some limitations of our study. One of
them is the fact that only static balance was assessed
in our study and we did not assess the patient’s dy-
namic balance. Static postural control is also assessed
in the early period after reconstruction. It gives infor-
mation on the current asymmetry in loading the lower
limbs. This result can be taken into account as an
early indicator of the load asymmetry appearing later.
In the case of distant studies of knee joints after ACL
reconstruction, dynamic tests are also used.

5. Conclusions

In static balance assessed with eyes open, more
proprioceptive deficits tests may appear in the LARS
group. The mean COP deviation in the lateral direc-
tion with the eyes open and closed, which is signifi-
cantly higher in the LARS group, seems to be an im-
portant parameter to detect proprioceptive deficits in
patients after ACL reconstruction. Static lateral bal-
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ance is worse in patients treated with LARS. Assess-
ment of postural stability should be an integral part of
the comprehensive assessment of patients after ACL
reconstruction to monitor re-education of knee func-
tion and prevention of re-injury.
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