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Changes in postural stability on balance platform
in patients after meniscal repair – two years follow up

KINGA ŻMIJEWSKA1, 2*, ALICJA FĄFARA3, 4, JAROSŁAW FELUŚ5, MAGDALENA MIKOS1, 2,
JOLANTA NAWARA6, ARTUR GĄDEK1, 2

1 Department of Orthopedics and Physiotherapy, Jagiellonian University Medical College, Kraków, Poland.
2 Trauma and Orthopaedics Clinical Department, University Hospital, Kraków, Poland.

3 Faculty of Health Science, Institute of Physiotherapy, Jagiellonian University Medical College, Kraków, Poland.
4 Arthrogryposis Treatment Center, University Children’s Hospital of Cracow, Poland.

5 Department of Orthopedics, University Children’s Hospital of Cracow, Poland.
6 Orthopädie Liesing, Wien, Austria.

Purpose: The aim of this work was to evaluate postural stability on the balance platform averagely 2 years following meniscal repair.
Methods: This is a retrospective, case-control comparative analysis of patients who underwent surgical repair for the isolated longitudinal
traumatic meniscal tear versus matched healthy controls. The study group consisted of 30 patients (mean age 29.93 years; averagely
2.3 years after surgery) and the control group – of 30 people. Following physical examination and completion of the IKDC, and the
Lysholm questionnaires, the evaluation of the postural stability using two single-leg stabilometry tests was performed. In the static test,
the analyzed variables included deviations from the horizontal, vertical axes and the length of the balance path travelled. In the dynamic
test, the length of the path travelled and the time to complete task were recorded. Between-limb and between-groups comparison of
collected stabilometry tests were performed. Additionally, the IKDC and the Lysholm questionnaires scores were compared between the
study and heathy groups. Results: No abnormalities were found on clinical examination in the study group nor any differences between
the operated and contralateral knee ( p > 0.05). In stabilometry: (1) in the study group, the operated extremity scored worse than the
contralateral limb (length of path traveled in: A) static test x = 56.7 cm SD = 37.91 cm vs. x = 21.6 cm SD = 9.06 cm; p = 0.002 and B)
dynamic test x = 82.57 cm, SD = 50.43 cm vs. x = 53.32 cm, SD = 13.82 cm; p = 0.003); (2) In the control group, no leg-related differ-
ences were noted ( p > 0.05); (3) Between-group comparison revealed that the study group scored worse than the control group (length of
path traveled in: A) static test x = 56.7 cm, SD = 37.91 cm vs. x = 17.23 cm, SD = 3.39 cm; p = 0.001 and B) dynamic test x = 82.57 cm,
SD = 50.43 cm vs. x = 32.13 cm, SD = 9.41 cm; p < 0.001). Study group scored worse on IKDC scores ( p < 0.001) but not on Lysholm
score ( p > 0.05). Conclusions: Postural stability deficit persists despite a successful meniscal repair.
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1. Introduction

In recent years, the interest in sports has been
clearly increasing. With the increasing number of
people leading an active lifestyle, the incidence of
injuries has also increased [7]. Sport-related injuries
frequently concern the knee joint structures, with me-
niscal tears being one of the most common issues in

sports medicine [7], [16], [25], [26], [30], [39]. The
meniscal injuries are predominantly situated in the
posterior horn, that contains the highest number of
mechanoreceptors. The presence of mechanoreceptors
indicates the participation of the meniscus in the re-
ception of proprioceptive stimuli acting on the knee
joint and the sense of joint positioning. The receptors
are responsible for receiving information regarding
the position or movement of the joint, which is con-
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verted into afferent neural stimulation [9], [22], [31],
[32]. This, in turn, by muscular response, helps to
maintain postural stabilization and to adopt the knee
to the changing dynamic environment [22], [31].
Thus, the menisci among other functions play a role of
dynamic stabilizers of the knee joint [3], [20], [24],
[38]; their injury as well as removal were reported to
result in impaired knee proprioception [4], [31].

Owing to long-term consequences associated with
meniscectomy, arthroscopic surgical repair is consid-
ered the first-line treatment for traumatic meniscal
tears in young, active individuals [37]. This approach
is presently gaining increasing popularity, given its
favorable long-term effects, i.e., prevention or delay-
ing the development of early-onset osteoarthritis [21],
[34], [39]. In view of the essential roles played by the
menisci in the knee joint, the practice of performing
total meniscectomies is being abandoned [7], [21],
[39]. Keeping up with the ”save the meniscus” princi-
ple, the obligatory tendency is to repair the meniscus
preserving as large fragment of the structure as possi-
ble [19], [27], [38], [39]. One of the key factors in
avoiding repeated injuries is appropriate static and
dynamic knee stabilization [6]. However, there is
scant information regarding the effect of the isolated
meniscal tear repair on the postoperative knee joint
proprioception and postural stability. Most of the re-
ported series concerns meniscectomy and/or meniscal
repair along with concomitant ACL reconstruction
[2], [5], [17], [22], [24].

Several methods of studying proprioception and
neuromuscular control of the joint have been de-
scribed. The first one, feeling the position of the joint,
consists of recreating the position of the limb set by
the therapist. The difference between the initial posi-
tion and the position of the patient’s limb is measured
in angles. It is not a reliable method as it only tests the
sense of the position of the joint. The second method
relates to the sense of passive limb movement. The
patient’s limb should be moved passively at a speed of
0.5 /sec. The patient, with eyes closed, is to pinch
when he feels movement. The distance traveled by the
limb and the moment of detecting the movement are
compared. This method assesses kinesthesia. Another
method is to measure muscle activation and delay
responses to muscle reflex stimuli. A widely recog-
nized and used method is the assessment of balance
and stabilometry (e.g., using a balance platform),
which can be successfully used to study postural con-
trol as well as proprioception and neuromuscular con-
trol [5], [15].

The main objective of this study was to analyze
whether the postural stability deficit persisted after

successful surgical repair of an isolated meniscus in-
jury in patients averagely 2 years after surgery. We
analyzed the clinical outcomes, the IKDC and Lys-
holm questionnaires and the stabilometric results on
the balance platform to examine a group of patients
(operated vs. contralateral limb) and compared their
characteristics with the matched control group. It has
been hypothesized that a postural stability deficit is
observed after the repair of the meniscus.

2. Materials and methods

This study was approved by the Bioethics Com-
mittee of the Jagiellonian University of Cracow (nr
1072.6120.50.2020). Written consent was obtained
from each patient prior to the investigation. The study
was conducted in 2019 at the University Hospital in
Kraków.

Characteristics of participants being studied

The group of patients consisted of people invited
to the study and operated by one surgeon. The group
of healthy people consisted of willing volunteers who
volunteered to participate.

The inclusion criteria were: minimum of 1 year
follow-up, no meniscal tear symptoms on clinical ex-
amination (full, painless range of motion of the affected
knee including deep squatting, no pain on palpation, no
mechanical symptoms, Apley and McMurray tests nega-
tive), no quadriceps deficit (<1 cm difference of the
thigh circumference and no difference in the quad-
riceps strength as compared to the contralateral side),
no other clinical abnormalities of the examined or
contralateral extremity. Additionally, the healthy group
included matched healthy volunteers with no trauma
history. Detailed data on the groups are presented in
Table 1. The time interval from surgery to assessment
of postural stability was 1–3.5 years (2.3 years on
average).

Surgical repair

The patients underwent successful surgical repair
for an isolated longitudinal, traumatic meniscal tear in
the red-red zone. All the injuries were located in the
posterior horn of the meniscus and the posterior part
of the meniscal body or encompassed this region as
a part of a bigger tear. All the patients were operated
by a single, high volume (>100 meniscal repairs per
year), fellowship-trained knee surgeon with >10 years
of experience in reconstructive knee surgery. The menis-
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cal repair was done using all-inside devices (ultra FAST-
FIX – Smith & Nephew and/or Sequent – ConMed)) for
the posterior horn, and in-out technique (Zone Spe-
cific II Meniscal Repair System (ConMed/Linvatec)/
absorbable monofilament stitches) for the meniscal
body. Both meniscal surfaces (femoral and tibial)
were repaired with vertical/oblique mattress sutures in
1.0–1.5 cm intervals.

Postoperative physiotherapy
After the surgery, the patients and physiotherapists

were provided with information on rehabilitation. Up
to 6 weeks after surgery, patients were on crutches
with partial weight-bearing and flexed the knee from 0
to 60 degrees. Patients were provided with a clock
orthosis. The techniques of patella mobilization and
myofascial relaxation were used, work was done on
maintaining extension and activating the muscles of
the lower limb. After the 6th week, intensive muscle
strengthening, gait re-education and increasing the
range of motion began. Rehabilitation lasted 6 months
[7], [36].

Investigative tools
Prior to functional testing, the subjects were ques-

tioned as to their age, physical activity return to sport,
past injuries, and pain involving the knee joint. Next
physical examination of both lower extremities was
conducted to confirm a full painless range of motion,
adequate ligamentous stability, absence of knee effu-
sion, and absence of meniscal symptoms in the Apley
and McMurray tests. Quadriceps circumference was
measured 15 cm proximally to the joint line, and mus-
cle strength was determined by the Lovett scale. The
patients were asked to complete the subjective form of
the International Knee Documentation Committee
(IKDC) and Lysholm Knee Scoring Scale question-
naires [10], [13]. Then, a study was carried out on the
balance platform: static and dynamic tests.

The static test is illustrated in Fig. 1. The geomet-
ric center of the board had to be held at the designated
point for 60 seconds, allowing for examining the de-
viation of the body center of gravity along the X (hori-
zontal) and Y (vertical) axes. During the test, the pa-
tient watched the current location of a point in the
screen in front of the platform. When the task was
completed, the investigator obtained information on
the mean deviation values from the X and Y axes, as
well as the length of the path traveled [cm].

The dynamic test is presented in Fig. 3. In the ini-
tial phase, the examined foot was again positioned
centrally on the platform, which was reflected on the
screen as a center of the circle composed of 8 cir-

cumferentially dispersed points. The test consisted in
reaching sequentially highlighting peripheral points in
the screen and going back to the center of the circle
each time. Upon completion of the test, it was possi-
ble to obtain records of the exercise duration and
length of the traveled path [cm].

Fig. 1. The flowchart of the study

Fig. 2. The static test
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The stabilometry examination was carried out using
the Sigma balance platform with biofeedback (AC
International East Ltd., Knurów, Poland). Two tests were
selected for this purpose, namely, the static test (1 min)
and the dynamic test (one repetition). Each test was
performed on a platform set with a moderate difficulty
level, separately for the right and left lower extremity.
Supporting one’s body with the free hand was not al-
lowed. A training period before commencing the proper
part of the project consisted in executing an additional
exercise allowing the subject to get familiar with the
opportunities offered by the board. The participants
performed both tests twice. The first repetition was
familiarization with the platform and the task. The re-
sults of the second replicate were taken into account in
the study. The foot was positioned centrally on the
platform with the median vertical coordinate passing
underneath the second metatarsal and the median hori-
zontal coordinate transecting the middle of the antero-
posterior dimension of the foot. This position was
checked prior to every exercise in order to compare the
results. Before each test, brief instructions were given
and the balance platform was calibrated.

Both tests were done separately for the right and
left lower limbs for every participant. In the patient
group, the results were compared between the affected
and contralateral extremity and also between medial and
lateral meniscus repair. In the heathy group the differ-
ences between the dominating and non-dominating
extremities were analyzed. Finally, the results from
the patient group (affected extremity) were compared
to the findings observed in the heathy group (arithme-
tic average for both limbs).

Fig. 3. The dynamic test

Statistical analysis

The Statistica 13.1 program was used for statistical
analysis. The differences between the deviation from
the X and Y axes [cm] as well as the length [cm] of the

path traveled in the static test as well as the time [s]
and length [cm] of the path traveled were examined.
The normality of the distribution of variables was
tested using the Shapiro–Wilk test. The results were
not normally distributed and were statistically ana-
lyzed by the Mann–Whitney U-test (for independent
samples) and Wilcoxon signed-rank test (for depend-
ent samples). The sample size was 17, with a power of
0.08 and an  level of 0.05. The adopted significance
level was  = 0.05.

3. Results

Overall, sixty participants fulfilled the inclusion
criteria and were enrolled – 30 in the patient group
and 30 in the heathy group. There were no statistically
significant demographic differences between the groups
( p > 0.05) (Table 1).

Table 1. Demographic data of the study group
and the control group

Study group Control group

x SD x SD
p

Age [years] 29.93 9.82 25.73 7.36 0.143
Body mass [kg] 75.93 12.54 69.33 13.41 0.367
Height [cm] 177.11 8.68 171.33 9.68 0.187
BMI 25.17 5.23 23.6 4.78 0.279
Thigh circumference 50.7 5.57 54.64 4.05 0.493

N % N %
Sex:
   male
   female

18
12

60
40

16
14

53.33
46.67

0.461
0.376

Sport activity
>2 twice/week 24 80 26 86.67 0.482

Damaged meniscus:
   medial
   lateral

23 (6 BHT)
7 (2 BHT)

76.67
23.33

– – –

Affected limb:
   right
   left

19
11

63.33
36.67

– – –

N – participants; x – mean; SD – standard deviation; p – p-value,
BHT – bucket-handle tear.

Clinical assessment

All the patients in the patient group completed
their postoperative physical therapy regimen and con-
sidered their recovery finalized. All of them returned
to recreational sports activities. On physical examina-
tion, all the subjects were asymptomatic and no ob-
jective differences were found between the operated
and contralateral extremity.
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Functional questionnaires

The IKDC questionnaire showed in all domains
worse results in the patient group as compared to the

Table 2. IKDC and Lysholm Knee Scoring Scale
questionnaires scores in the study group and the controls

Study group Controls
Questionnaire

x SD x SD
p

Symptoms 28.67 6.06 35.93 1.95 0.004*
Physical activity 31.67 9.68 39.1 1.2 0.001*
Functioning 7.38 1.52 9.8 0.23 0.015*IK

D
C

Total points 71.46 17.81 98.23 4.12 <0.001*
Lysholm Knee Scoring
Scale 91 15.29 98.7 1.67 0.068

IKDC – the International Knee Documentation Committee,
x – mean, SD – standard deviation; p – p-value; * – statistically
significant ( p < 0.05).

heathy group. When the Lysholm Knee Scoring Scale
was used, no statistically significant differences were
noted (Table 2).

Stabilometry tests

a) Study group
The affected extremity scored worse than the con-

tralateral limb on both the static and dynamic tests for
all the analyzed variables (Table 3).

b) Control group
The results obtained from the dominant and non-

dominant extremity revealed no significant differences
between the extremities in the static or dynamic tests
(Table 4).

c) Intergroup comparison
The patient group (affected extremity) scored worse

than the heathy group (the arithmetic mean for both

Table 3. Stabilometry tests, study group – operated versus non-operated extremity

Operated extremity Non-operated extremity

x SD x SD
p

Deviation from X axis [cm] 0.06 0.04 0.03 0.03 0.03
Deviation from Y axis [cm] 0.03 0.02 0.02 0.01 0.019Static test
Length of path traveled [cm] 56.7 37.91 21.6 9.05 0.02
Time of path traveling [s] 118.19 57.39 80.49 31.45 0.001

Dynamic test Length of path traveled [cm] 82.57 50.43 53.32 13.84 0.002

x – mean; SD – standard deviation; p – p-value; * – statistically significant ( p < 0.05).

Table 4. Stabilometry tests, dominant versus non-dominant extremity in study group

Non-dominant extremity Dominant extremity

x SD x SD
p

Deviation from X axis [cm] 0.04 0.04 0.04 0.03 0.728
Deviation from Y axis [cm] 0.04 0.03 0.03 0.03 0.065Static test
Length of path traveled [cm] 41.06 14.76 38.23 12.11 0.487
Time of path traveling [s] 119.72 61.01 95.46 53.86 0.734

Dynamic test Length of path traveled [cm] 91.07 53.01 68.04 32.11 0.311

x – mean; SD – standard deviation; p – p-value; * – statistically significant ( p < 0.05).

Table 5. Stabilometry tests, study group versus controls

Study group Control group

x SD x SD
p

Deviation from X axis [cm] 0.06 0.04 0.02 0.02 0.019*
Deviation from Y axis [cm] 0.03 0.02 0.02 0.02 0.219Static test
Length of path traveled [cm] 56.7 37.91 17.23 3.39 0.001*
Time of path traveling [s] 118.19 57.39 54.19 14.88 <0.001*Dynamic test
Length of path traveled [cm] 82.57 50.43 32.13 9.41 <0.001*

x – mean; SD – standard deviation; p – p-value; * – statistically significant ( p < 0.05).
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limbs) on both the static and dynamic tests for most of
the analyzed variables (except for the Y axis deviation
in the static test) (Table 5).

4. Discussion

While interpreting the results obtained by the IKDC
questionnaire, it should be emphasized that the docu-
ment is subjective and – in order to complete it – the
subject needed to analyze not only the present func-
tional status, but also the consequences of a meniscal
injury and/or surgery. When answering the questions,
every responder from the patient group noted motor
limitations compared to the heathy group, despite a long
time lapse after surgery, completed postoperative re-
habilitation, and an absence of abnormalities in the
objective clinical exam. The results obtained when the
other questionnaire – the Lysholm Knee Scoring Scale
– was employed showed a similar trend, but no sig-
nificant intergroup differences. Both questionnaires
are commonly used in research studies that evaluate
functional status following knee reconstructive treat-
ment.

The analysis of the data obtained while studying
proprioception in the repaired and non-repaired ex-
tremities in the patient group demonstrated significant
differences. Better results were achieved for the non-
repaired limb both in the static and dynamic tests.
Additionally, the patient group performed worse than
the heathy group. This phenomenon may indicate the
effect of meniscal tear and/or repair on stabilization of
the knee joint in motor control that may be of impor-
tance not only in the rehabilitation process, but also in
further functioning of the patient. It is known that
joint stability is affected by several factors. The ability
to sense the joint position (proprioception) is an inter-
play of passive capsuloligamentous restraint, as well
as dynamic musculotendinous units to maintain the
joint within the physiologic range during motion and
to prevent exceeding the safe limits [12]. In the pres-
ent study the recruitment criteria included intact pas-
sive capsuloligamentous stability (isolated meniscal
tear, with no concomitant ligament injury), along with
a <1 cm difference in thigh circumference between the
repaired and non-repaired extremity (what supports
the notion that the muscle balance has been success-
fully restored). This may lead to the conclusion that it
was the impaired proprioception that jeopardized the
functional results in the patient group.

For many years, much attention has been paid to
restoring proprioception after anterior cruciate liga-

ment (ACL) reconstruction, as it is well known how
important it is for proper knee functioning [29]. Stud-
ies suggest that decreased ability in the field of knee
joint proprioception may increase the risk of a reinjury
[14], while injuries and surgical procedures may
negatively affect the function of the mechanoreceptors
[1]. Rehabilitation protocols addressing ACL recon-
struction include training of deep sensibility, with
exercises aiming at joint stabilization. On the con-
trary, when the therapy of patients subjected to menis-
cal repair is introduced, attention is paid to mobilizing
the tissues and the patella, increasing the range of
motion as well as strengthening the muscle and pro-
viding gait reeducation in order to restore complete
dexterity of the body [18], [23], [36]. Decidedly less
time is devoted to stabilization exercises [28].

The reason for that is that, despite the detailed
structure of the menisci, their biomechanical proper-
ties and function have been well understood, the role
of the menisci in the knee joint proprioception still
remains a poorly investigated and underestimated
field. Al-Dadah [2] reported the presence of mechano-
receptors both in the anterior and posterior horns.
According to Brindle [6] and Karahan [17], mechano-
receptors are present solely in the meniscal horns. Fox
[12] pointed to a higher density of those structures in
the posterior horns. Some studies demonstrated not
only the Ruffini cells and Pacinian corpuscles in the
meniscal structure, but also the Golgi tendon organs
and free nerve endings; all of them are responsible for
maintaining balance and knee joint stabilization what
as a consequence affects the body posture [12], [38].
Suprisingly, the analysis of research databases has not
disclosed any study that would address the effect of
isolated meniscal repair on knee joint proprioception.
Predominating, although scant, reports describe the
effect of meniscectomy [2], [17], [23]. Al-Dadah found
that partial meniscectomy negatively affected the pro-
prioception of the knee joint [2]. Karahan [17] ad-
dressed the position sense of the lower limb following
partial meniscectomy. Patients after partial resection
of the meniscus obtained worse results compared to
the heathy group. The number of publications con-
centrating on patients after meniscectomies studied
with the use of a balance platform is extremely low.
Matyas [24] studied the effects of meniscus tear and
partial meniscectomy on balance using a platform.
Balans was disturbed after both meniscal damage and
partial meniscectomy. The observations also focus on
the effects of partial meniscectomies and damage of
ACL and the menisci and their correlation with pro-
prioception. Basar [5] compared proprioception in
patients subjected to two surgical procedures: ACL
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reconstruction and meniscal repair or meniscectomy.
The obtained results indicate better function of the
knee joint and proprioception in the group of patients
who underwent repair of the meniscus.

The results from the present study are supplemen-
tary to the aforementioned findings. Our data support
the hypothesis that meniscal injury, even if repaired,
may still have a long-lasting consequences for knee
joint proprioception. Such injuries most often involve
the posterior horn of the meniscus that contains the
highest number of mechanoreceptors responsible for
the transmission of proprioceptive stimuli (Ruffini
cells, Pacinian corpuscles and Golgi tendon organs). It
is the very destruction of mechanoreceptors and/or
afferent nerves (passing along with the vessels) that
may affect joint function. Proprioception is responsi-
ble for the sense of joint movement and position;
when preserved, it allows not only for functional joint
stability but also plays a significant role in knee joint
protection. This is especially the case as the individual
approaches the maximal motion range. Information
from the mechanoreceptors may also affect the degree
of the anterior and posterior translation of the femoral
condyles on the tibial plateau [17]. Thus, awareness of
the impaired knee proprioception following meniscal
repair is meaningful from the practical viewpoint. While
executing postoperative management, the physiothera-
pist should obligatorily employ and emphasize the
proprioception training as it is done following ACL
reconstruction. The use of a dedicated rehabilitation
protocol after meniscal repair that takes the type and
extent of injury, meniscal biomechanics, and the im-
portant role of the menisci in preserving propriocep-
tion into consideration may allow for achieving opti-
mal postoperative results.

In summary, the present analysis shows that menis-
cal repair affects knee joint stabilization in motor con-
trol, even though the differences demonstrated to occur
between the repaired and non-repaired extremity are
small. This may become yet another argument for the
postoperative protocol following meniscal repair. When
selecting exercises, apart from taking the principles of
tissue healing and unloading the repaired area into con-
sideration, at the same time the physiotherapist should
from the very beginning focus attention on propriocep-
tion exercises. At the present state of knowledge, the
inclusion of proprioceptive training is a necessity.

There were some limitations of the present study
that need to be mentioned. First, one may argue that the
meniscal healing status was not confirmed routinely
by MRI prior to the investigation. This might theoreti-
cally result in underdiagnosed persistent tears/re-tears
that jeopardized the outcomes. However, despite the

fact that standard MRI is the method of choice for
diagnosis of the primary meniscal injuries, it must be
remembered that its accuracy in the detection of un-
healed/re-torn menisci is far lower, approaching 66–80%
and not exciding the accuracy of the clinical examina-
tion [4], [8], [33], [35]. All the patients in the patient
group reported no complaints and were asymptomatic
on clinical examination and the authors considered
this a sufficient criterion for inclusion in the present
analysis. Second, because the patients were receiving
post-operative physiotherapy in their own environ-
ment, it is possible that the protocols used differed
from those recommended. This may affect the level of
functional recovery in some patients. However, even
if this is the case, it further supports the necessity to
optimize the treatment regimens following meniscal
repair. Third, the patient group is relatively small and
the results may be underpowered, what may be re-
flected by the lack of significant differences in some
clinical data. Fourth, the present analysis, as a pilot
study, addresses only postural stability. To achieve
comprehensive results, further studies on propriocep-
tion following meniscal repair are warranted; it is also
necessary to perform tasks blindfolded. Lastly, the
character of the present study did not make it possible
to distinguish between meniscal injury itself and sur-
gical damage of the meniscal ultrastructure during
repair as a causative factor for impairment of proprio-
ception. However, as a surgical repair is the treatment
of choice for amenable meniscal tears, they both
should be rather seen in conjunction. The limitations
of the study also include the lack of validation of the
Sigma balance platform used and the lack of the
minimally clinically meaningful difference.

5. Conclusions

The findings of this study suggest that the postural
stability deficit may be expected following meniscal
repair. Proprioception training should be included as
an integral part of the postoperative protocol in me-
niscal injuries.
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