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Abstract

Purpose The aim of this study was to assess the reli-
ability of preoperative MRI for the staging of osteochon-
dritis dissecans (OCD) lesions of the knee and the talus in
juvenile patients, using arthroscopy as the gold standard of
diagnosis.

Methods Sixty-three juvenile patients (range 8—16 years)
with an OCD of the knee or the talus underwent arthros-
copy after MRI. In 54/9 out of 63 cases, 1.5/3 T MR scan-
ners were used. The OCD stage was classified according
the staging criteria of Dipaola et al. Arthroscopic findings
were compared with MRI reports in each patient.

Results From the 63 juvenile patients, MRI/arthros-
copy revealed a stage I OCD in 4/19 patients, stage II in
31/22 patients, stage III in 22/9 patients and stage IV in
6/6 patients. No osteochondral pathology was evident in
arthroscopy in seven out of 63 patients. The overall accu-
racy of preoperative MRI in staging an OCD lesion of
the knee or the talus was 41.3 %. In 33 out of 63 patients
(52.4 %), arthroscopy revealed a lower OCD stage than in
the preoperative MRI grading, and in four out of 63 cases
(6.4 %), the intraoperative arthroscopic grading was worse
than in preoperative MRI prior to surgery. The utilization of
the 3 T MRI provided a correct diagnosis with 44.4 %.
Conclusions Even with today’s modern MRI scan-
ners, it is not possible to predict an accurate OCD stage
in children. The children’s orthopaedist should not solely
rely on the MRI when it comes to the decision to further
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conservative or surgical treatment of a juvenile OCD, but
rather should take surgical therapy in consideration within
persisting symptoms despite a low OCD stage provided by
MRIL

Level of evidence 111.
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Introduction

The pathogenesis and aetiology of osteochondritis disse-
cans (OCD) still remain unclear [11]. It can be assumed
that repetitive microtraumata may interrupt the already
decreased epiphyseal blood flow during child growth and
therefore contribute to the development of an OCD [21]. To
identify and diagnose an OCD, magnetic resonance imag-
ing (MRI) is preferred for diagnosis [8] as well as for mon-
itoring the progression and/or the healing of the OCD [19].
In particular, MRI is able to evaluate the articular cartilage
that covers the osteochondral lesion with a high quality,
and it helps to identify patients who would benefit from an
arthroscopic treatment [15]. Adults with a stage IT OCD or
above according to Dipaola et al. [4] mainly receive opera-
tive treatment [22]. In contrast to adults, the juvenile OCD
(male < 13 years and female < 11 years) will be treated
conservatively, even in stage II OCD, rather than surgically.
Literature shows that the juvenile OCD has a better prog-
nosis than the adult OCD, with a higher rate of spontane-
ous healing under conservative therapy [16]. The juvenile
OCD is typically stable, and the findings in patients with
an intact articular surface have a good potential to heal with
conservative treatment in terms of adjustment of the repeti-
tive impact forces [9]. Surgical treatment of juvenile OCD
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is generally indicated in cases of failure of conservative
therapy, in unstable OCD and in findings that are tempo-
rally close to the closing of the epiphyseal plate [22]. How-
ever, clinical experience shows that in stage I or II OCD
according to Dipaola et al. [4], there are several cases that
show persistency of pain despite conservative therapy over
6 months. In our department, children with resistance to the
conservative therapy after 6 months despite Dipaola stage
I or IT OCD undergo an arthroscopy of the affected joint
to re-evaluate the lesion and eventually perform an inva-
sive therapy if necessary. The question arises if the OCD
stages in preoperative MRI in juvenile patients correspond
to those in arthroscopy. This is based on the knowledge
that the MRI criteria even for an unstable OCD have a high
specificity for adults, but not for the juvenile patients [10].

The aim of this study was to assess the reliability of
preoperative MRI for staging OCD lesions of the knee and
the talus in juvenile patients, using arthroscopy as the gold
standard of diagnosis. It can be hypothesized that even with
today’s modern MRI scanners, it is not possible to predict
an accurate OCD stage in children.

Materials and methods

In a retrospective case series, 63 juvenile patients with an
OCD of the knee or the talus underwent arthroscopy in our
Department of Orthopaedic Surgery, Physical Medicine
and Rehabilitation, University Hospital of Munich (LMU),
Campus Grosshadern. Exclusion criteria were the patient
age >17 years, prior surgery and post-traumatic OCD. The
average age of the 63 juvenile patients was 12 years (range
8-16 years). All patients were skeletally immature. The sex
ratio was 37 females to 26 males. There was no preference
of the affected extremity (33 right legs vs. 30 left legs). All
patients had clinical examination at index presentation,
plain radiographs and MRI. If Dipaola stage III or IV OCD
[4] was found, arthroscopy was performed within the next
2 weeks. If Dipaola stage I or II OCD [4] was revealed,
a 6-month period of conservative therapy (pain medica-
tion if required, interruption of sports activities, in accord-
ance with Lefort et al. [13]) was utilized. Afterwards, the
patients underwent a second follow-up MRI investigation.
If Dipaola stage I or Il OCD [4] and clinical symptoms per-
sisted, the patients were then admitted to arthroscopy. All
patients either received arthroscopic retrograde drilling of
OCD or, depending on the extent of a greater damage, a
loose body refixation, microfracturing, osteochondral auto-
graft transfer system (OATS) or matrix-induced autologous
chondrocyte implantation (MACI). In all cases, a closed
MR scanner was used. In 54 cases, MR scanner with a
magnetic field strength of 1.5 T was utilized, and in nine
patients a 3 T MR scanner was utilized. All MRIs have been
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assessed by an orthopaedic surgeon and a radiologist with
musculoskeletal expertise. Standard imaging sequences
included a sagittal and coronal T1-weighted sequence and
proton-density turbo spin-echo fat-suppressed (PD-fs)
sequences in sagittal, axial and coronal planes. The surgeon
assessing the preoperative MRI was the same surgeon who
performed the arthroscopy. The preoperative MRI reports
were known to the surgeon before surgery.

Classification of MRI and arthroscopic findings

In 1991, Dipaola et al. compared the MRI results of OCD
lesions with arthroscopic findings based on the classifica-
tion that were given by Guhl [5]. For that reason, the OCD
classification system of Dipaola et al. [4] was used for the
comparison of MRI and arthroscopy. Arthroscopic findings
were compared with those of the preoperative MR imaging
in each patient after surgery. The study was approved by
the ethics committee of the Medical Faculty of the Univer-
sity Hospital of Munich (LMU) in January 2013.

Statistical analysis

The descriptive analyses of the results, including accuracy,
overestimation and underestimation of preoperative MRI in
comparison with arthroscopic findings, were expressed as
a percentage (%). The diagnostic accuracy of preoperative
MRI in diagnosing OCD lesions was secured together by
an orthopaedic surgeon and a radiologist with musculoskel-
etal expertise, as mentioned before. Figures were created
with Windows Microsoft Excel® 2013 (Microsoft Corpora-
tion, Redmond, USA).

Results

In 63 juvenile patients, OCD lesions were found in the fol-
lowing locations: medial femoral condyle (n = 36), lateral
femoral condyle (n = 6), retropatellar (n = 4), medial talus
(n = 16) and lateral talus (n = 1). The number of patients
for each OCD stage in MRI and arthroscopy is shown in
Fig. 1. Each OCD stage in MRI was compared with real
OCD stage found in arthroscopy (see Fig. 2).

In total, a consistent diagnosis was made in 26 out of
63 cases (41.3 %) by preoperative MRI and intraoperative
findings (see Fig. 3). In 13 out of 63 patients (20.6 %), an
overestimation of two OCD stages was discovered. For
example, in an 8-year-old girl with stage III OCD in pre-
operative 1.5 T MRI in the right medial femoral condyle,
stage I OCD was found in arthroscopy (see Fig. 4).

In total, actual findings have been underestimated in four
out of 63 cases (6.4 %). One case was a 13-year-old girl
with a retropatellar stage I OCD in MRI in the right knee
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Fig. 1 Number of patients for each OCD stage according to Dipaola
et al. [4] in MRI and arthroscopy

while a stage III OCD defect revealed in arthroscopy which
was fixated in open surgery. A second case was a 14-year-
old boy with a stage I OCD in MRI in the right medial
femoral condyle, showed a stage III OCD in arthroscopy
and underwent microfracturing of the cartilage damage. In
another case, a 12-year-old girl with stage II OCD in MRI
in the right medial talus showed stage III OCD in arthros-
copy and received microfracturing of the cartilage damage
as well. In the fourth and final case, a 15-year-old boy with
stage III OCD in MRI in the right medial femoral con-
dyle was diagnosed stage IV OCD during arthroscopy and
received MACI.

Analysis of the results depending on stage of OCD
and localization

Results for juvenile patients with knee OCD

The assessment of femoral OCD patients (n = 42/63)
mainly showed stage Il (n = 18) or stage IIl (n = 16)
OCD. Arthroscopy verified predominantly stage I (n = 14)
and II (n = 13) OCD. Preoperative MRI and arthroscopy

Fig. 2 Number of patients for
each single OCD stage accord-

correlated in 59.6 % of all patients with an OCD of the
femoral condyle.

Four out of 63 patients (6.4 %) were diagnosed with
retropatellar OCD. Three out of four cases were diag-
nosed correctly (75 % congruence with MRI findings) (see
Fig. 5).

Results for patients with talus OCD

The analysis of the juvenile patients with an OCD of the
talus (n = 17/63), preoperative MRI showed stage II OCD
in 12 out of 17 patients and stage III OCD in five out of 17
cases. Arthroscopy revealed stage I OCD in five patients,
stage I OCD in eight patients and stage III OCD in three
patients. No osteochondral pathology was seen in one case
during arthroscopy. In the case of a 12-year-old boy with
stage II OCD in the right medial talus and who was admit-
ted to arthroscopic surgery due to persisting of clinical
symptoms, a stage III OCD was found intraoperatively (see
Fig. 6). In total, MRI and arthroscopic findings of patients
suffering from an OCD of the talus correlated in 64.7 % of
the cases.

Analysis of the results of juvenile patients with 3 T MRI

Four juvenile male patients (aged 11-15 years) and five
female patients (aged 12-16 years) were preoperatively
diagnosed with 3 T MRI. From these nine patients, out of a
total of 63, only four (44.4 %) preoperative cases correlated
with arthroscopy. OCD staging was too low in four other
patients (44.4 %), which underwent 3 T MRI scans. One
child was assessed preoperatively too high by the 3 T MRI.

Discussion
The most important finding of the present study was that

the preoperative accuracy of preoperative MRI in staging
an OCD lesion of the knee or the talus in juvenile patients
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Fig.3 Assessment of preoperative MRI estimation compared to
arthroscopy regardless of OCD stage

is not good enough to correctly diagnose the OCD stage.
Using the arthroscopic staging as the gold standard of diag-
nosis, we found that the overall accuracy of MRI only was
41.3 %. In 33 out of 63 patients (52.4 %), the OCD stage
was lower in arthroscopy than in preoperative MRI grading.
In 2011, Heywood et al. [7] found similar results. In a study
of 23 juvenile patients with a mean age of 12.9 years, they
were able to show that with preoperative MRI, OCD was

considered unstable in 21 out of 23 patients, but in arthro-
scopic staging, only 10 out of the 23 OCD lesions were
found to be unstable. In their study, in 11 out of 21 cases,
that means also 52.4 %, an overestimation of the MRI grad-
ing was present. However, their statistical results were cal-
culated with the intention of detection stable or unstable
OCD lesions rather than analysing the single stages.

This study shows that the OCD lesion was worse in four
out of 63 patients (6.4 %) than assumed in MRI prior to
surgery. Surgical intervention was therefore absolutely nec-
essary in all four juvenile patients.

Preoperative MRI, assessing an OCD of the talus and
femoral condyle, showed a congruence of 64.7 and 59.5 %
between MRI and arthroscopic findings, respectively. This
raises the question whether a higher correspondence would
have been generated by higher MRI resolution. The data of
this study show that preoperative 3 T MRI examinations
of juvenile patients (n = 9/63) show a consistent diagnosis
with arthroscopy in 44.4 % of the cases.

The correct MRI interpretation in juvenile OCD, hence
the recommendation for further conservative or surgical
treatment, turns out to be very difficult. Kocher et al. [12]
determined 22 juvenile patients in a consecutive study with
an OCD of the knee with a mean age of 11.9 years. They
stated that selective magnetic resonance imaging would not
provide enhanced diagnostic utility over clinical diagnosis
on the basis of history, physical examination and standard
radiographs. Possibly computed tomography arthrography
(CTA) can be considered as a further reasonable option in
order to receive an even higher informative value than by
MRI in children with an OCD and persisting pain despite
conservative treatment. In the past, a few studies have
been conducted with good results using CTA in OCD of
the talus in adults [20]. Cahill and Berg discovered that a
bone scintigraphy might be meaningful in the management

Fig. 4 Eight-year-old girl with stage III OCD according to Dipaola et al. [4] in preoperative 1.5 T MRI (coronal PD-fs and sagittal T1) in right

medial femoral condyle (a, b) and stage I OCD in arthroscopy (c)
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Fig. 5 Assessment of OCD stage according to Dipaola et al. [4] in
MRI compared to arthroscopy (ASC) for retropatellar OCD

of juvenile OCD due to its higher sensitivity to changes in
lesion activity [2].

The optimal treatment of juvenile OCD still is discussed
controversially [14]. In general, children are more likely to
be treated conservatively than adults [18], and of course,
conservative treatment should be the first-line treatment for
stable OCD in children. The duration of conservative treat-
ment should be at least 3—-6 months prior to the decision
for surgical treatment if a juvenile patient is truly asymp-
tomatic or has only minor symptoms [16]. An important
question arises, when to change to surgical treatment in
juvenile patients if pain persists within conservative ther-
apy. In a study conducted by Perumal et al. [17] with 31
juvenile patients with a mean age of 11.9 years and an
OCD of the talus, the authors proclaimed that few juvenile
OCD lesions would respond to 6 months of conservative
therapy and that surgery would be indicated if pain would
persist after 6 months of conservative treatment. Aglietti
et al. [1] conducted a study including 16 juvenile patients
with a mean age of 12.8 years and presented data, show-
ing that in the case of intact cartilage surface, arthroscopic
drilling of the juvenile OCD had to be carried out after an
unsuccessful conservative therapy for an average time over
a year to promote the healing of the OCD.

Fig. 6 Twelve-year-old boy
with stage II OCD according to
Dipaola et al. [4] in preoperative
3 T MRI (coronal and sagittal
PD-fs) in right medial talus (a,
b) and stage III OCD in arthros-
copy (¢)

In 1999, Hefti et al. published a consensus paper on the
diagnosis and treatment of OCD [6]. However, analysis
of the results of this study reveals that no distinction was
made between group A with 276 patients (male < 14 years
and female < 13 years) with a mean age of 11.42 and group
B with 176 patients with male patients over 14 years and
female patients over 13 years of age with respect to eight
different criteria, for example the correlation between
clinical findings and dissection of the OCD in the imaging
method. In addition to that, in this study, a high number of
patients were used, but the oldest patient was over 31 years.
Furthermore, MRI was only used in 12 % of all patients. In
total, 53.8 % of all patients were evaluated with copies of
the radiographs for the diagnosis of an OCD. This consen-
sus paper of the European Paediatric Orthopaedic Society
(EPOS) was rated very critical in 2012 in a Guideline and
Evidence Report of the American Academy of Orthopae-
dic Surgeons (AAOS) Workgroup for diagnosis and treat-
ment of OCD, published by Chambers et al. [3], because
of the discrepancies mentioned above. However, also the
AAOS Guidelines unfortunately are considered to stay
weak, because there exists no specific recommendation on
the diagnosis method of juvenile OCD nor on the lesion-
dependent treatment option. Therefore, it is clear that no
parameters exist, which define clear decision criteria and
which allow a secure orientation for the orthopaedic sur-
geon when conservative therapy and when surgical therapy
are indicated in juvenile patients with an OCD.

There are some limitations associated with the present
study. The retrospective design of this study can be con-
sidered a limitation. The data collection was extracted only
from the existing files. Second, the cohort was a mixed
group of patients, including lesions in both the knee and the
talus. Furthermore, there were only nine out of 63 patients
with 3 T MRI. In addition to that, the study did not perform
a direct comparison of 1.5 and 3 T scanners. To compare
the accuracy of the two scanners, there would be the need
to assess a series of juvenile patients with both scanners.
Another limitation is that it was not the operative series of a
single surgeon, and moreover, the surgeon who graded the
lesions arthroscopically was not blinded to the preoperative
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MRI grade. Finally, the authors analysed the correlation
between preoperative MRI and arthroscopy, but they did
not investigate the clinical results and the long-term out-
come of the juvenile patients.

Despite these limitations, the clinical relevance of this
study from our point of view is that the children’s orthopae-
dist in day-by-day clinical work should not solely rely on
the MRI when it comes to the decision to further conserva-
tive or surgical treatment of a juvenile OCD, but rather
should take surgical therapy in consideration within persist-
ing symptoms despite a low OCD stage provided by MRI.

Conclusions

Even with today’s modern MRI scanners, it is not possible
to predict an accurate OCD stage in children. In this patient
population always a relevant proportion can be found,
which is often estimated too bad, but also outliers, which
are judged to be good by MRI and cartilage damage is actu-
ally larger. Therefore, it must be considered that children
with persisting pain despite an OCD stage I or I according
to Dipaola et al. [4] should then be treated arthroscopically,
since an arthroscopic surgery in a child with MRI findings
appears justified.
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