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Abstract

Background Conservative treatment of pediatric patients with anteromedial instability after ACL rupture is a very topical subject and
raises many debates in the scientific community. Results of this treatment are rather controversial both in patients with open physis
and in adult patients who reached skeletal maturity. Influence of anteromedial instability on damaging such structures of the knee joint
and meniscus and articular cartilage also generates interest. Purpose The purpose is to evaluate results of conservative treatment in
young athletes using methods of clinical examination, questionnaires and MRI-diagnostics. Material and methods The study included
20 patients with anteromedial instability aged 13-20 years. Duration of observation was up to 2.7 years (33 months). The patients filled out
KOOS-Child and Pedi-IKDC questionnaires. At least two MRI-examinations were done also. The patients were treated conservatively.
Results and discussion MRI data indicated that 9 (45%) patients had osteochondral changes in condyles of the both bones. Thinning of
the knee cartilage by > 0.7 cm was observed in 14 patients. Eighteen patients has the clinically confirmed knee joint instability. Eight
(40%) patients underwent operative treatment later. Conclusion Our study results allowed us to make a conclusion about poor results of
the conservative treatment. Only 2 patients returned to previous activities and the knee instability was not observed clinically. The rest
of the patients were not satisfied with the treatment results. MRI data and statistical analysis data indicated that the patients had signs of
significant weight distribution disorders in the knee joint and also secondary damage of meniscus due to anteromedial instability.
Keywords: children, knee joint, injury, secondary changes, meniscus damage, anteromedial instability, ACL injury, KOOS-Child;
Pedi-IKDC; conservative treatment; evaluation of treatment results
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INTRODUCTION

Anteromedial instability of the knee joint associated
with ACL rupture significantly increases the risk
of developing secondary meniscal injuries [1-4],
degenerative changes [5, 6] and, as aresult, the likelihood
of not returning to previous physical activity [7—11],
and the quality of life also decreases [12, 13]. All of
the above problems are important arguments in favour
of surgical treatment, which is recognized as the
standard in patients of the adult age group. However,
in paediatric patients, due to the active growth zone,
a number of problems arise with the choice in favour

of surgical treatment [14]. First of all, due to the
risk of damage to the growth zones, which can lead
to shortening of the limb and deformity of the knee
joint [15—17]. There are also a number of difficulties
associated with the technique of ACL repair in patients
with active growth rates. Evaluation of the results
of conservative treatment in the form of a clinical
examination, questionnaires, as well as with the help
of MRI studies of the structures of the knee joint makes
it possible to improve understanding of this problem
when looking at it from a broader angle.

MATERIAL AND METHODS

All patients and volunteers who took part in the
clinical study gave their written consent for it. The
stydy was conducted according to requirements of
World Medical Association’s Declaration of Helsinki
(as revised in 2013). The study was approved by the
Ethics Committee.

The following criteria for inclusion in the study were
identified: ACL tear in patients aged 13 to 20 years.
The patients were surveyed with the KOOS-Child and
Pedi-IKDC questionnaires. A clinical examination was
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performed (Pivot-shift, Lachman tests). Also, at least
two MRI studies were performed (the first weeks after
the injury and at different times after the first study)
using a device with a power of at least 1.5 Tesla. The
average time between the 1% and 2" MRI was 13 months,
the minimum was 2 months, and the maximum was
33 months. In 14 people, MRI was performed on
the same device. Study modes: T1, T2, PD, PD SW,
T1 FSE. Patients were also prescribed conservative
therapy, which included immobilization in an orthosis
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for 4 weeks, a course of NSAIDs (non-steroidal anti-
inflammatory drugs) and subsequent rehabilitation.

The study was a single center. The study did not
include patients who, in addition to ACL rupture,
sustained fractures of the intercondylar eminence and
damage to the lateral ligaments, LCL.

20 patients were selected for the study. They
underwent conservative treatment for ACL rupture
in the period from 2020 to 2021. There were 12 male
patients and 8 female patients. The follow-up period
was up to 2.7 years (33 months).

To identify the interrelations between the criteria that
determine the quality of treatment outcomes, methods

of statistical analysis were used, including the theory of
parametric and nonparametric correlation analysis. The goal
was to identify the interrelations between the indicators,
criteria and measuring instruments (MRI), which were
used to assess the quality of patient care. The following
tasks were solved: the choice of a measuring instrument
for assessing the quality of treatment was substantiated,;
the adequacy of measurement methods, indicators and
criteria used to measure treatment outcomes was assessed;
quantitative interrelations between the criteria for assessing
the quality of treatment were obtained; the structure of
interchangeability and complementarity of methods of
examination of patients and other tasks were determined.

RESULTS

According to MRI data, 10 (50 %) of 20 patients had
osteochondral changes in the condyles of both bones;
among them 8 (40 %) patients had changes on the
lateral condyle of the femur, 1 patient had them on both
condyles of the femur, and 1 patient had osteochondral
changes on lateral condyles of the tibia and femur.

In the described case, an example of a sclerotic lesion
of the bone marrow is shown. This "thickening" of the
bone structure occurs due to improperly distributed load
in the knee joint. The patient noted instability in the knee
joint, which was confirmed by clinical examination and
MRI data; ACL rupture was diagnosed. A constant local
impact load is applied to the zone of sclerotic changes,
as a result of which a compensatory response of the
body occurs in the form of a thickening. Figure 1 shows
images of the MRI studies 2 months apart.

Fig. 1 Lateral part of the knee joint of the patient in the first
weeks after trauma (A, C). 2 months later in the next MRI (mode
PD TSE) in the same part there are (B, D) sclerotic changes of
the bone tissue due to incorrect load distribution (black arrow)

Subsequently, the risk of transchondral fracture
increases in the described zone, and cyst formation is
possible [18]. Figure 2 shows MRI images of the knee
joint 16 months apart.

Fig. 2 Lateral part of the knee joint in the sagittal (A) and

coronal (C) views. The study was done in the first week after

the trauma. 16 months after the first MRI study (mode PD TSE

FS (A, B) and mode T1 SE (C, D)) there is a damage (white

arrow) of the posterior horn of the lateral meniscus (Stoller I1T)

(B), and also sclerotic changes of the bone tissue (black arrow)

due to incorrect load distribution in the knee joint secondary to

anteromedial instability

The patient also complained about instability in the
knee joint, which was confirmed clinically. Image (B)
shows damage to the posterior horn of the lateral meniscus
(Stoller I1Ib) due to anteromedial instability of the knee
after the ACL rupture. Also the patient, as in the first case
(Fig. 1), had a sclerotic change in the bone structure of the
lateral condyle of the femur, which is a confirmation of an
incorrectly distributed load in the knee joint [19].

Figure 3 shows MRI images with a difference of

13 months between studies. The black arrow indicates
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the zone of starting destruction of the bone structure.
This disorder is a consequence of the resulting
transchondral fracture, which has undergone lytic
influence of the synovial fluid.

Fig. 3 MRI image (T1 SE mode) of the medial part of the knee

joint (A) in the first weeks after injury, sagittal view. The same

part of the knee joint 13 months after the first MRI (B). The
image shows the beginning of bone tissue destruction as a result

of the fracture (black arrow)

Figure 4 shows the data of the MRI study of the knee
joint of a patient with an ACL rupture. Image (B) shows
secondary damage to the posterior horn of the lateral
meniscus (Stoller I1Ib) due to anteromedial instability. In
our study, 9 (45 %) patients were found to have meniscus
injury: 5 patients had a rupture of the medial meniscus,

and 4 patients had a rupture of the lateral meniscus.

A

Fig. 4 MRI (T1 SE mode) of the knee joint in the sagittal view
(A) in the first weeks after the injury. MRI (T1 SE mode) 5
months after the first examination (B). Damage to the posterior
horn of the lateral meniscus is seen (black arrow)

Figure 5 shows a scheme for measuring cartilage
thickness. Measurement is made in 2 projections:
sagittal and coronal. On each condyle of the tibia and
femur, three points are set at which the thickness of the
cartilage is measured. There are 24 measurement points
in total; after which a similar procedure is performed
on the second MRI images of the patient, taken after
a while. The measurement was performed using the
RadiAnt software in T1, PDW, T2 modes. Currently, the
most accurate method for measuring cartilage thickness
is mapping. In our study, the measurement using this
method was not performed. Due to the high probability
of inaccuracy in conventional measurement using a

ruler tool, an error of 0.7 cm was taken into account in
the specialized software. According to the study data
4 (20 %) patients had thinning of the cartilage of the
lateral condyle of the femur > 0,7 cm, 2 (10 %) had
thinning of both the lateral and medial femoral condyle
> 0.7 cm, 3 (15 %) had thinning of the cartilaginous
coating only in the medial femoral condyle > 0.7 cm. In
the lateral condyle of the tibia, thinning > 0.7 cm was
observed in 3 (15 %) patients, in both condyles > 0.7 cm
was observed in 6 (30 %) patients.

Fig. 5 The MRI-image (mode T1 SE) in the coronal view (A)
shows the method for measuring the cartilage thickness at three
points in every condyle of the tibia and the femur. In the sagittal
view (B) there is an example of measuring cartilage thickness at
three points in the medial condyles of the tibia and the femur.

Questionnaires KOOS-Child and Pedi-IKDC were
used in the study in patients younger than 18 years; and
questionnaires KOOS and IKDC —in older patients. The
patients with complaints of instability in the knee joint
were examined clinically. In 18 patients when doing
tests of anterior “open box”, Lachman and pivot-shift
we observed instability. In addition to the indicated
complaints the patients had to significantly decrease
their activity or forgo sport completely. Only 2 patients
out of 20 were satisfied with the results of conservative
treatment and returned to previous activity. 8 (40 %)
patients underwent surgical treatment later. It included
ACL plasty in 6 (30 %) patients and resection of the
injured part of the meniscus — in 2 (10 %) patients.

Revealing correlations between criteria determining
quality of treatment results. Statistical analysis

This part has the goal of revealing correlations between
indices, criteria and measuring instruments used for
evaluation of treatment quality in anteromedial instability
patients. Determining such correlations allows us to solve
several tasks: to substantiate the choice of “measuring
instrument” for evaluation of treatment quality; to judge
about adequacy of the measuring methods, indices and
criteria; to obtain quantitative interdependence between
the criteria of treatment quality evaluation; to determine
the structure of interchangeability and complementarity
of the methods of examination.

The criteria of evaluation are shown in table 1. This
table also includes their symbolic representation, which
will be used further on and also evaluation scale by
criteria.
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Data of the criteria

Table 1

Symbol Description Measuring scale
K1 Thickness of the cartilage of the lateral femoral condyle (mm) Numerical
K2 Thickness of the cartilage of the medial femoral condyle (mm) Numerical
K3 Thickness of the cartilage of the lateral tibial condyle (mm) Numerical
K4 Thickness of the cartilage of the medial tibial condyle (mm) Numerical
K5 Lateral meniscus Dichotomous
K6 Medial meniscus Dichotomous
K7 Osteochondral changes: lateral condyle of the femur Dichotomous
K8 Osteochondral changes: medial condyle of the femur Dichotomous
K9 Osteochondral changes: lateral condyle of the tibia Dichotomous

K10 Doing MRI on the same device Dichotomous
K11 Number of months between the MRI examinations Numerical
K12 Age of the patient Numerical
K13 KOOS-Child Pain Numerical
K14 KOOS-Child Symptom Numerical
K15 KOOS-Child ADL Numerical
K16 KOOS-Child Sport/Rec Numerical
K17 KOOS-Child QOL Numerical
K18 Pedi-IKDC Numerical
K19 Clinical tests of the knee joint instability Dichotomous

At the first stage, it is necessary to determine
the methods for calculating the correlation between
the criteria in order to select a model for evaluating
the interrelations between them. To this end it is
necessary to statistically determine the possible law
of'the distribution of measurements for each criterion.
Verification of the measurement distribution law for
all criteria, carried out on the basis of chi-squared
test [20-23], showed that evaluation by quantitative
criteria are distributed according to a law close to
normal, at a significance level not exceeding 0.05.
At the same time, the evaluation of the measurement
results according to dichotomous criteria showed
that the distribution differed from the normal one.

Based on this, it was decided to take as a basis non-
parametric methods of correlation analysis (Spearman's
rank correlation coefficient), which do not depend on
the distribution law of the evaluated parameters, but to
clarify the results for quantitative criteria, compare them
with calculations using parametric methods built for the
normal distribution law.

It is possible to calculate the boundary correlation
coefficients for each gradation of interrelations after
doing calculations with a sample size of N = 20.

— adaptive value | | from 0.378 to 0.515 — moderate
correlation;

—adaptive value |, | from 0.515 to 0.609 — strong
correlation;

—adaptive value | | from 0.609 to 1 — very strong
correlation.

The figure 6 shows a scheme of correlations between

the criteria. The disappearance of correlations in the
diagram (B) suggests that the more powerful Pearson’s
criterion did not reveal a significant correlation between
the indicated criteria, so these correlations may exist,
but they should be taken into account with caution. On
the other hand, Pearson's correlation revealed additional
dependencies that Spearman's rank criterion did not
determine, namely, new interrelations arose between
the K4-K11, K6-K12, K13-K14 criteria. Taking into
account the fact that K4-K11 and K13-K14 correlations
show interrelations between numerical criteria that
are distributed according to the normal law with high
probability, there is a reason to believe that a more
powerful evaluation method of Pearson correlation
revealed an additional correlation between these criteria,
which should be taken into account when analyzing
correlations.

The following correlation were revealed as a result
of the statistical analysis:

*very strong direct correlations were found
between the thickness of the cartilaginous covering of
the medial tibial condyle and the number of months
between MRI scans; osteochondral changes in the
medial condyle of the femur and the lateral condyle of
the tibia; results of the KOOS-Child and Pedi-IKDC
questionnaires;

* strong direct correlations were found between
the thickness of the cartilage of the medial femoral
condyle and osteochondral changes in the same condyle;
medial meniscus and osteochondral changes in the
medial condyle of the femur;
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* a very strong direct correlation was found
between the results of the KOOS-Child, Pedi-IKDC
tests and the lateral meniscus;

moderate direct correlation

strong direct ¢

very strong direction c

* a strong inverse correlation was found between
the results of the KOOS-Child, Pedi-IKDC tests and the
results of the clinical examination.

——————————— strong direct correlation — — — — — — — — — — —
_______ very strong direction correlation e e = - - -— -

Fig. 6 Graphic representation of correlation between the criteria based on Spearman's rank correlation (A). Graphic representation of correlation

between the criteria based on Pearson’s parametric correlation (B)

DISCUSSION

Evaluation of the results of conservative treatment of
pediatric patients with open physis is important. It The
influence of anteromedial instability on structures of the
knee joint is also interesting. Similar studies were also
carried out abroad. Ekas G.R. et al. [24] examined the
structure of the knee joint for the presence of pathologies
associated with anteromedial instability after ACL
rupture. The study involved 47 patients with a follow-
up period of 9.5 years. The age of the patients was up to
13 years. The study included MRI of the both knee joints
on a 3 Tesla device 1.2 and 9.5 years after the injury.
43 patients underwent conservative treatment, 4 patients
underwent surgical treatment. According to the results of
the study, 16 patients had meniscal injuries, 13 patients
had articular cartilage injuries, 2 patients had a difference
in limb length > 15 mm. As a result, 27 patients (57 %)
underwent ACL repair later. In conclusion, the authors
report that in some cases, conservative treatment (57 % of
patients without secondary changes in the knee joint and
without signs of initial osteoarthritis) may be an option.
Fabricant P.D. et al. [25] conducted a literature review to
compare the results of conservative and surgical treatment
in athletes younger than 18 years of age. In their review,
Mizuta H. et al. presented a study [26], where 94 % of
18 patients did not return to their previous physical activity,
and 22 % stopped doing sports at all after an ACL injury.
Similar results were reported in the McCarroll study [27].

In our study, changes in osteochondral structures
caused by anteromedial instability and incorrect load
distribution in the knee joint were evaluated: sclerotic
lesions of the bone marrow, beginning destruction
of the bone structure, and signs of a transchondral
fracture. In addition, cases of meniscus damage have
been identified. Cartilage thickness was also measured,
the thinning of which may indicate the formation of
deforming arthrosis in the future. In our study, a high
measurement error of cartilage thickness (> 0.7 cm) was
taken, since the weakness in relation to the measurement
is the lack of mapping in patients. Besides, even if the
study is performed on the same device, the sections
are set by the radiation diagnostician at the time of the
study, which can also lead to inaccuracies in measuring
the thickness of the cartilage. In this regard, in our
study, osteochondral changes caused by anteromedial
instability should be considered a more significant
criterion of evaluation due to their objectivity. It is also
important to consider the secondary meniscal injury due
to the reason described above.

In addition to the use of MRI diagnostic data,
the patients filled out questionnaires and a clinical
examination was performed. Complaints of
instability, clinically confirmed positive Lachman,
PVN tests and low scores on the KOOS-Child and
Pedi-IKDC questionnaires are of decisive importance
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in evaluation of long-term results of treatment, as
well as the choice in favor of surgical stabilization of
the knee joint.

Similar results were reported in other studies. Mizuta
H. et al. [26] evaluated the results of conservative
treatment in children with complete ACL rupture. The
study involved 18 people with a follow-up period of at
least 36 months. All patients filled out questionnaires
using the Lysholm scale, where only one patient, who
was able to return to the previous physical activity, had
a good result. Re-injury to the menisci was observed in 6
patients. Radiological evidence of degenerative changes
in the joint was observed in 11 patients. In conclusion,
the author reported that the results of conservative
treatment were unsatisfactory.

Moksnes H. et al. [28] studied the results of
conservative treatment of patients at the age less than
12 years. The authors used their own algorithm as a
method of conservative treatment. According to the
results of the study, out of 46 people, 34 were not
operated on, and 38 % reduced their level of activity.
The follow-up period was 2 years. Secondary meniscus
injuries were observed in 8 people (17 %).

The work of Raad M. et al. [29] also raises interest.
The authors observed a positive correlation between
body mass index (BMI) and secondary meniscal injury
in pediatric patients. Of the 160 patients, 143 were
operated on later and 17 were treated conservatively.
Perhaps this indicator can be taken into account in future
works on the subject.

CONCLUSION

According to the results of the study, we
conclude that the results of conservative treatment
in young athletes are unsatisfactory. Only 2 patients
returned to their previous physical activities, and on
examination they had no signs of instability. In other
cases, the patients were not satisfied with the results
of treatment. Based on the data of MRI studies and
statistical analysis data, patients had significant
signs of disorders of load distribution in the knee
joint, as well as secondary damage to the meniscus
due to anteromedial instability of the knee joint. A
correlation was also observed between the data of
the clinical examination and the scores of the KOOS-

Child and Pedi-IKDC questionnaires, which indicated
their informative value. When evaluating the results
of treatment, we recommend using not only clinical
examination data, but also asking the patients to fill
out questionnaires, as well as performing MRI studies
in order to search for signs indicating a manifestation
of problems in the knee joint, which will give the
most complete picture of its condition. However, our
study is not without shortcomings that can be taken
into account in the future work: participation in the
study of a larger number of patients; using the method
of articular cartilage mapping in order to obtain more
accurate data and reduce measurement errors.
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