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BACKGROUND: One of the most debatable issues in osteochondritis dissecans (OCD) research is bone and cartilage 
 healing assessment during OCD postoperative management. The x-ray scale developed by Wall and colleagues is a commonly 
used evaluation tool for OCD lesion assessment. This tool has excellent reliability but is associated with radiologic exposure. 
Also, it provides complete information about bone structure only, even though the articular cartilage is also involved in the 
pathological process. Lack of cartilage assessment combined with radiation exposure facilitated the development of the novel 
MRI-based OCD healing assessment tool. It could draw attention to bone and cartilage during healing assessment to improve 
decision-making in the postoperative period after OCD treatment.

AIM: This study assesses the reliability of a developed novel MRI-based OCD healing assessment tool.
MATERIALS AND METHODS: Ten patients with OCD of the femoral condyle were involved in the current study. A reliability 

test for the novel MRI-based assessment tool was performed with the expert group comprising six participants to assess 
34 MRI studies of 10 patients. From all studies, one study was obligatory for each patient before the operative treatment, and 
a postoperative MRI study series was performed during the first postoperative year. Each MRI study was examined by each 
expert twice with a 4-week time lag. The novel MRI-based assessment tool consists of five criteria, of which the common 
criterion was “general healing,” incorporating all previously described ones. Each criterion was tested, and a two-way mixed-
effects intraclass correlation coefficient (ICC) was used to assess intraobserver and interobserver reliability.

RESULTS: The main parameter “general healing” calculations were made first. Two patients achieved full OCD lesion 
 healing with 100 scale points and two patients with 97.5 and 98.5 points, respectively. Other patients reached the cut-off 
value of 75 points and were defined as “healed with minimally detectable changes on MRI.” Second, a two-way mixed-
effects ICC calculation was performed. The “bone marrow extension” parameter reached the value of 0.972, “the extent of 
the union” – 0.984, “bone structure” – 0.977, and “articular cartilage intensity and structure” – 0.977. The general healing 
parameter reached the value of 0.993. These values corresponded to the excellent marks according to the guidelines for ICC 
assessment. The novel MRI-based assessment tool showed excellent intraobserver and interobserver reliability.

CONCLUSIONS: The novel MRI-based assessment tool permits assessing bony and cartilage structures while making 
decisions about OCD lesion healing in the postoperative period. The novel OCD healing assessment tool has excellent intra-
observer and interobserver reliability. Also, it is recommended for use in clinical and research practice since a study revealed 
a correlation of the MRI healing score with that of the clinical assessment tool.
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Оригинальное исследование

Новая методика оценки заживления очага 
рассекающего остеохондрита у детей с помощью 
магнитно-резонансной томографии
А.В. Семенов1, М.С. Зубцов1, Ю.Г. Липкин1, Г.С. Дибривный2, И.Н. Исаев2, В.В. Коротеев2, 
Н.И. Тарасов2, Ю.И. Лозовая1, 2, Д.Ю. Выборнов1, 2

1 Российский национальный исследовательский медицинский университет имени Н.И. Пирогова, Москва, Россия;
2 Детская городская клиническая больница имени Н.Ф. Филатова, Москва, Россия

Обоснование. Для оценки восстановления костной ткани в очаге рассекающего остеохондрита традиционно 
исполь зуют рентгенологическую шкалу. Несмотря на широкое применение, в этой шкале не учитывается восстановле-
ние суставного хряща. В связи с потребностью в надежном и универсальном инструменте оценки заживления очагов 
рассекающего остеохондрита была разработана новая шкала, основанная на анализе магнитно-резонансных томо-
грамм коленного сустава, отражающая состояние суставного хряща и субхондральной кости, а также общее заживле-
ние очага рассекающего остеохондрита.

Цель — определение надежности методики оценки заживления патологического очага рассекающего остеохон-
дрита по результатам магнитно-резонансной томографии.

Материалы и методы. Изучены результаты 34 исследований, проведенных путем выполнения магнитно-резо-
нансной томографии 10 детям с рассекающим остеохондритом мыщелка бедренной кости в ДГКБ им. Н.Ф. Филатова 
в течение года наблюдения. Всем детям, кроме одного, проводили трансхондральные остеоперфорации с внутрисустав-
ным введением плазмы, обогащенной тромбоцитами. Результаты магнитно-резонансной томографии анализировала 
экспертная группа из 6 человек разного уровня профессиональной подготовки по пяти параметрам шкалы — каждый 
эксперт дважды с интервалом в 4 нед. Для подтверждения гипотезы о надежности новой методики использовали ко-
эффициент внутриклассовой корреляции (ICC). С целью повышения достоверности результатов ICC отдельно рассчиты-
вали для подгрупп, в которых выполняли магнитно-резонансную томографию в раннем (2–6 мес. с момента операции) 
и позднем (9–12 мес.) послеоперационных периодах.

Результаты. Величина ICC для показателя «степень отека костного вещества» составила 0,972, «степень консоли-
дации» — 0,984, «структура костного вещества» — 0,977, «структура суставного хряща» — 0,977, «общее заживление 
очага» — 0,993. Анализ магнитно-резонансных томограмм в подгруппах раннего и позднего послеоперационных пе-
риодов подтвердил высокую степень надежности новой методики. При оценке согласованности данных каждого иссле-
дователя, полученных с интервалом в 4 нед., значение ICC по всей выборке составило 0,86, значение ICC в раннем 
послеоперационном периоде — 0,81, в позднем послеоперационном периоде — 0,92 (p < 0,05).

Заключение. Разработанная шкала оценки заживления очагов рассекающего остеохондрита по магнитно-резо-
нансной томографии обладает высокой степенью воспроизводимости и надежности, но для широкого клинического 
применения необходима ее валидация на большой выборке пациентов с рассекающим остеохондритом. 

Ключевые слова: рассекающий остеохондрит; болезнь Кенига; дети; методика оценки заживления; магнитно-резо-
нансная томография; оценка заживления очага.
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BACKGROUND
Osteochondritis dissecans (OD) is limited necrosis of 

a subchondral bone area. Subsequently, an osteochondral 
fragment forms and further migrates into the knee joint 
cavity [1]. According to modern literature, there are 2.3 to 
31.6 cases of OD per 100,000 patients [2]. Primary clinical 
manifestations of OD appear at the age of 13 to 18 years [2]. 
The pathogenesis and causes of the disease have not yet 
been determined [3]. The leading factors in OD pathogenesis 
are mechanical damage and biological and anatomical 
aspects of the structure of cartilage and bone [3]. Numerous 
classification systems have been developed for evaluating 
and diagnosing lesions in OD, based on radiographic data 
(Berndt and Harty classification), magnetic resonance 
imaging (MRI) (classifications by De Smet et al., Hefti 
et al., Dipaola et al., and Chen et al.), and arthroscopy 
(classifications by Guhl, Ewing-Voto) [4, 5], which were 
efficient in clinical trials.

The methods mainly used to treat OD are conservative 
and surgical. According to the literature, conservative 
treatment of OD was effective in only 33% of cases [6], 
while, in several studies, surgical treatment was 100% 
effective [3]. According to Eismann et al., conservative 
treatment of OD was successful in approximately 50%–67% 
of stable lesions. For unstable lesions and stable lesions 
not resolved with conservative treatment, various surgical 
interventions are used. Surgical interventions showed 
positive results of at least 62%, except for the cases 
of fragment removal [7]. Currently, one of the pressing 
problems when treating OD is assessing the restoration 
of anatomical structures in the femoral condyle (where 
the OD lesion was previously located) after the treatment. 
Ramski et al. proposed assessing the potential for a positive 
outcome according to the patient’s gender and age, 
location of the lesion, and radiological presentation [8]. 
However, according to a survey that included 489 patients, 
no statistically significant patterns were identified [8]. 
Eismann et al. evaluated the results of OD treatment 
by comprehensively assessing the X-ray presentation, 
diagnostic arthroscopy, and MRI findings. However in 
this study this technique cannot be effectively used due 
to a small patient sample (39) and the complexity of 
the interdisciplinary evaluation of treatment outcomes.

E.J. Wall et al.’s method to assess the healing of OD le-
sions is the most reliable. The study included characteristics 
of the OD lesion, such as the articular surface boundary, con-
nection with the maternal bone, sclerosis of the maternal 
bone, ossification of the lesion zone, and general  healing [5]. 
According to E.J. Wall et al., the key characteristics in eva-
luating the efficiency of treatment include the lesion lo-
calization, degree of maturity of the bone growth zone, 
condyle width, size of the lesion, presence of fragmentation, 

displacement, boundaries of the lesion, boundary of 
the affected bone, and radiological density of the affected 
fragment [5]. E.J. Wall et al.’s method has proved its reli-
ability when using modern statistical methods. However, it 
has several significant drawbacks: it cannot be used to as-
sess the state of the articular cartilage above OD lesion and 
compare the Degree of the Bone Substance Edema. Edema 
of the bone substance regularly occurs in the bone tissue of 
the femoral condyle outside the lesion zone and indirectly 
reflects the initial severity of the course of OD.

For a comprehensive assessment of OD lesion healing, 
the Department of Pediatric Surgery developed a scale based 
on MRI data.

This work aimed to determine the reliability of assessing 
the healing of OD lesions based on MRI studies.

MATERIALS AND METHODS
To determine the reliability of MRI studies in assessing 

the results of OD treatment, we used the intraclass correlation 
coefficient (ICC). To analyze any new diagnostic technique, 
you need to assess the reliability of its performance between 
different researchers (intraexpert assessment) and between 
the findings of the same researcher (interexpert assessment) 
within a certain time interval.

Before the start of the study, we decided on the members 
(expert group) who will evaluate the MRI studies of patients 
with OD. The expert group included one sixth-year student 
in a medical university, 3 second-year residents in pediatric 
surgery, a traumatologist-orthopedist, and a high-level 
certified radiologist. We included a student and residents to 
prove the reliability and reproducibility of the new technique 
when used by specialists with different levels of training, 
which is widely used in international studies.

To determine the number of analyzed MRI studies 
(a patient sample), a preliminary test was performed to 
assess the study’s strength. Within the basic power values, 
an alpha of 0.05 and the strength (1-beta) of 80% were set as 
classical parameters when calculating the required number 
of patients [4, 5].

The study included 10 pediatric patients with confirmed 
OD of the femoral condyle, who underwent surgical treatment 
at the Department of Traumatology and Orthopedics of 
the N.F. Filatov Children’s City Clinical Hospital. The parents 
were informed about the study design, and informed consent 
to participate in the study was obtained. The diagnostic 
protocol for OD included radiography, computed tomography, 
and MRI of the knee joint.

In the postoperative period, all pediatric patients 
were prescribed the following: a course of conservative 
treatment with drugs that enhance reossification, calcium 
and vitamin D preparations, and a course of hyperbaric 
oxygenation. MRI was performed according to the following 



DOI: https://doi.org/10.17816/PTORS96597

60

  Ортопедия, травматология  
 Том 10, № 1, 2022 и восстановительная хирургия детского возраста
НОВЫЕ ТЕХНОЛОГИИ  
В ТРАМАТОЛОГИИ И ОРТОПЕДИИ

protocol. The first follow-up was performed 2 months after 
the surgery; if signs of significant improvement were noted 
on the control tomogram after 2 months, the next MRI was 
performed on the fourth month after the surgery for early 
mobilization in case the OD lesion resolved. If no changes 
were noticed, such as a decrease in the hypointense strip 
in the OD lesion and the bone substance edema, the next 
MRI was performed 6 mon after the surgery. The described 
approach was used to reduce the load on the MRI room and 
budgetary funds for its implementation. Further examination 
of patients included computed tomography on the sixth 
month after the surgery. In the late postoperative period, 
MRI was performed on the ninth and twelfth months after 
the surgery in patients with a continuing process, while it 
was performed on the twelfth month only in patients with 
previously healed lesions to control possible recurrence 
due to the early start of sports activity in this category of 
patients.

MRI of the knee joint was performed at the Department 
of Radiation Diagnostics of the N.F. Filatov Children’s City 
Clinical Hospital using the Toshiba Medical Systems “Excelart 
Vantage” 1.5T device. One radiologist, who was an expert in 
diagnosing the pathology of the musculoskeletal system, 
analyzed the MRI results. Due to various factors, including 
performing the MRI outside the N.F. Filatov Children’s City 
Clinical Hospital under other protocols and patients skipping 
the control MRI, 34 MRI studies of knee joints (10 children) 
at different stages of OD development were presented to 
the expert group for evaluation. Each patient had at least one 
preoperative MRI study and several postoperative MRI scans 
during the follow-up period from the second to the fourth 
month, the ninth month, and the twelfth month. All MRI 
studies were presented as static sections with the most 
clearly distinguishable and maximally large OD lesion. Each 
of the 34 MRI studies included sagittal and frontal views. 
The mode of the device operation during MRI examination 
included a slice thickness of 3.0 mm; resolution of 0.56 mm; 
matrix size (PE-matrix) of 320; field size (PE-FOV) of 18.0 cm; 
repetition time (TR) of 2800 ms; echo time (TE) of 18.0 ms; 
acquisition matrix of 384/288. The sizes of OD lesions in 
patients were assessed in PD-FS mode using the “estimation 
of the area inside the curve” tool in the RadiAnt DICOM Viewer 
2021.2 software.

The clinical results of the treatment were analyzed using 
the Pedi-IKDC scale, which was specially developed to assess 
the knee joint functions in pediatric patients and validated for 
use in pediatric sports traumatology [9].

The lesions were classified according to the gener-
ally accepted international classification of the Research 
on Osteochondritis Dissecans of the Knee (ROCK) Study 
Group [5]. All pediatric patients, except for one, underwent 
arthroscopy of the knee joint with revascularizing osteo-
perforations and platelet-rich plasma (PRP) biostimulation 

inside the OD lesion. The patients had OD lesions of stable 
grades I–III according to the ROCK classification, with no 
damage to the articular cartilage. Transchondral osteoper-
foration of the OD lesion followed by intra-articular injection 
of PRP was performed using 1.6 mm wires with up to 5 mm 
between each wire entry point to a depth of at least 2 cm. 
Before the surgery, blood was collected from the patient 
and was double-centrifuged to obtain PRP. At the end of 
the surgery, after the aspiration of isotonic sodium chloride 
solution, the PRP was injected into the joint. One child with 
a full-thickness cartilage defect (ROCK VIB stage) underwent 
a fragment removal with osteoperforations and intra-articu-
lar PRP biostimulation.

The new MRI scoring scale was developed by the sci-
entific group that determined the composition of the expert 
group but was not included in it, based on the E.J. Wall 
scale [5]. They adapted the scale by adding several modified 
evaluation criteria. The expert group was asked to evalu-
ate all MR images based on four separate parameters and 
assign points from 0 to 100 for each at their discretion. 
The expert group evaluated MR images only after com-
pleting a two-stage training using clinical examples. A de-
tailed description of each of the parameters of the developed 
scale is as follows.
1. The Degree of the Bone Substance Edema. This parame-

ter represents the area of intact bone tissue of the fem-
oral condyle and is estimated approximately as the per-
centage of the area of bone tissue with perifocal edema 
of the bone substance, which is represented by the zone 
of bone tissue of the maternal part of the condyle above 
the lesion with increased signal intensity. The cumulative 
index for the sagittal and frontal views is obtained by 
calcu lating the arithmetic mean. For example, the expert 
tentatively determined that the amount of the bone sub-
stance edema above the lesion was 30% of the femo-
ral condyle in the sagittal and 50% in the frontal views. 
On average, the condyle lesion was 40%. Thus, the intact 
zone of the condyle was equal to 100–40 = 60%. In this 
case, the expert was asked to evaluate this parameter 
at 60 points.
Figure 1 shows a knee joint MRI (sagittal proton density 

fat-saturated (PD-FS) image) of a child with an OD lesion. 
The continuous line indicates the segment of increased 
intensity in the bone’s maternal part, corresponding to 
the bone substance edema. The latter occupies approximately 
25% of the condyle.
2. Degree of Consolidation. This parameter reflects the 

relationship between the maternal bone and the osteo-
cartilaginous fragment. The maternal part is the bone 
tissue of the femoral condyle, which is excluded from 
the osteochondral fragment, but adjacent to the lesion. 
It is usually represented on X-ray as a rim of sclerosis. 
The degree of consolidation is measured according to 
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the percentage that the length of the hypointense line 
between the maternal bone and the osteochondral frag-
ment presents in relation to the total length of the lesion 
along the line of the maternal part of the bone. By calcu-
lating the arithmetic mean of the indicators in the sagit-
tal and frontal views, the overall indicator of the degree 
of consolidation is obtained. For example, if the length 
of the hypointense line is 70% in the sagittal plane and 
60% in the frontal plane in relation to the total length of 
the lesion along the maternal part of the bone, then the 
average value is 65%. This means that the fragment is 
separated by 65% from the maternal part of the bone, 
and 65% is occupied by a zone of impaired consolidation. 
Since a score of 100 points represents complete consoli-
dation, in this case, we subtract 65 points from 100, and 
we get 35 points.
The arrow in Figure 1 indicates a hypointense band 

between the osteochondral fragment and the maternal bone, 
with the latter occupying approximately 80% of the length 
of the entire lesion anteroposteriorly. The hyperintense 
areas have a mosaic arrangement that corresponds to 
the bone tissue that still partially connects the fragment to 
the maternal bone.
3. The structure of the Bone Substance. This parameter is 

evaluated using the degree of signal intensity coming 
from the bone part of the OD lesion and lesion fragmen-
tation, which indirectly reflects the degree of structural 
changes in the bone tissue in the OD lesion. The basis 
was as follows: the degree of signal intensity on a black-
and-white scale between the articular cartilage (0 points 
as the most intense signal indicated by the whitest 
color) and intact bone tissue visible on this MRI image 
(100 points as the least intense signal indicated by the 
blackest color). The degree of fragmentation is an ad-
ditional sign that makes assessing the bone tissue in the 
lesion more reliable. In severe fragmentation or a bone 
defect, the indicator approaches 0 points, and in absence 
of either, the indicator approaches 100 points. For ex-
ample, according to the signal degree, the bone tissue 
in the OD lesion corresponds to the signal of the intact 
articular cartilage of the condyle in both views, located 
at a distance from the lesion. There is one bone part in 
the lesion. In this case, the score is from 0 to 10 points. 
If, according to the degree of intensity, the bone tissue 
tincture in the lesion is between the articular cartilage 
and the intact bone tissue and there is no pronounced 
fragmentation of the bone part of the lesion, the score is 
50 points. In case of fragmentation of the bone part of the 
lesion, points cannot exceed 20.
In Figure 2, the arrowheads indicate the bone zone in 

the osteochondral fragment in the OD lesion, which has 
a hyperintense coloration and is closer to the articular 
cartilage on a gray-black color scale. The score is 10 points.

4. The articular cartilage was assessed using the Interna-
tional Cartilage Repair Society (ICRS) scale [10], which 
has four grades of cartilage damage according to the MRI. 
In the new method, the scale was converted into a scor-
ing system for convenience, with grade I corresponding to 
85 points; grade II, 65 points; grade III, 30 points; grade IV 
(no articular cartilage), 0 points (Fig. 3).
In Figure 4, thinning and hypointensity of the signal from 

the articular cartilage in the OD lesion are observed. The MRI 
shows a grade III cartilage damage, according to ICRS. 
The score was 30 points.
5. General healing of the lesion. Unlike the original study 

by E.J. Wall [5], this parameter was calculated as the 
arithmetic mean of the four parameters previously de-
scribed.

Fig. 2. Magnetic resonance imaging of the knee joint (sagittal 
PD-FS image) of a child with an osteochondritis dissecans le-
sion. The arrowheads indicate the bone zone in the osteochondral 
fragment in the OD lesion. It has a hyperintense coloration and is 
closer to the articular cartilage on a gray-black color scale

1.10 mm

Fig. 1. Magnetic resonance imaging of the knee joint (sagittal 
PD-FS image) of a child with an osteochondritis dissecans 
lesion. The continuous line marks the area of increased intensity 
in the maternal bone, corresponding to the bone substance 
edema, with the latter occupying approximately 25% of the 
condyle. The arrow indicates the hypointense band between 
the osteochondral fragment and the maternal bone, with the 
latter occupying approximately 80% of the length of the entire 
lesion anteroposteriorly. The hyperintense areas have a mosaic 
arrangement that corresponds to the bone tissue that still partially 
connects the fragment to the maternal bone
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As a separate indicator on MRI, the complete disap-
pearance of the lesion was assessed. The disappearance of 
the lesion was characterized by the absence of changes in 
the subchondral bone shown as an increase in the signal or 
changes in its structure (intact articular cartilage throughout 
the femoral condyle).

Before the study, all doctors were instructed regarding 
using the proposed scale and the study design. The main 
theses and detailed instructions for evaluating the study were 
given as a Microsoft PowerPoint presentation. The instructions 
were performed twice within a three-day interval, and they 
included the solution of typical clinical tasks for assessing 
MRI images of OD lesions in pediatric patients. Four clinical 
cases with different types of OD lesions were presented. 
The experts were not involved in the selection, preparation, 
and treatment of patients whose MRI studies were used in 
this work. A radiologist, who was not a member of the expert 
group, selected the MR examination sections for the expert 
group to evaluate. All clinical cases were randomly sorted to 
objectify the assessment.

Each expert examined 34 studies and assigned a score 
for each of the four specified parameters, except for “general 
healing.” Then, they filled a protected spreadsheet. To ob-
tain the degree of reliability, each investigator evaluated 
the 34 studies twice within a four-week interval.

Each parameter had a separate table that included 
the combined data, with ratings from all experts. The intraclass 
correlation (ICC) was calculated to determine the consistency 
between the experts and the consistency of the individual 
assessments of each expert. Assessments are made within 
four weeks. ICC, which quantifies the degree of agreement 
between estimates, was calculated in SPSS 26 (IBM) using 
a two-factor mixed method. ICC values were interpreted 
according to the accepted method of J.R. Landis et al. [11]. 
ICC scores of “completely healed lesions” and “healed with 
minimal changes” groups of patients were compared using 
a nonparametric Mann–Whitney test. A p-value less than 
0.05 was considered statistically significant.

RESULTS
To verify the reliability of the new evaluation scale, 

MRI studies of 10 pediatric patients with OD of the femoral 
condyles, at different periods of their follow-up, were used. 
The mean age of the patients was 12.7 years (7 to 16 years); 
six of them were boys and four were girls. OD lesions were 
detected in the central sections of the (loaded) femoral 
condyle in seven patients; in the posterior section of 
the femoral condyle, in three patients; in the lateral condyle, 
in five patients; in the medial condyle, in five patients.

The size of lesions on MRI averaged 1.04 cm2 in the sag-
ittal plane and 0.86 cm2 in the frontal plane. The average 
score on the IKDC scale questionnaire before surgery was 

Fig. 4. Magnetic resonance imaging of the knee joint (sagittal 
PD-FS image) of a child with an osteochondritis dissecans lesion. 
Thinning and hypointensity of the signal from the articular cartilage 
in the OD lesion are observed. The magnetic resonance picture 
shows a grade III cartilage damage, according to ICRS

1.17 mm

Fig. 3. Classification of articular cartilage damage by the Inter-
national Cartilage Repair Society (ICRS). The scale is replaced 
by a 100-point system for ease of use. Grade I corresponded to 
85 points: solitary areas of hypointensity among the unchanged 
cartilage thickness. Grade II corresponded to 60 points: increased 
thickness/irregularity of the cartilage margins. Grade III corre-
sponded to 30 points: thinning and irregular cartilage. Grade IV 
corresponded to 0 points: lack of cartilage in the area (the full-
thickness defect)

Grade I

Grade II

Grade III

Grade IV
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58 (36 to 82 points) and 83 by the end of the follow-up 
(52 to 98 points).

Data preliminary analysis showed that to determine 
the ICC with a maximum value and a deviation of no more 
than 0.1, it is necessary to provide at least 19 MRI studies 
to the expert group if the number of experts were six. 
To increase the reliability of the calculations and increase 
the study power, 34 knee joint MRI studies of 10 pediatric 
patients with OD were presented to the experts.

The reliability of the new method that assesses healing 
using MRI studies was evaluated in stages.

At stage one, the results of treatment were analyzed in 
terms of the “general healing” indicator of the new scale. 
According to the overall assessment of healing, two patients 
were assigned 100 points, and two patients were assigned 
97.5 and 98.5 points. On the control MRI with this indicator, 
structural changes in the bone were completely absent, and 
an equal intensity of the signal of the entire articular cartilage 
of the femoral condyle is observed. Such a presentation is 
regarded as “complete healing of the lesion.” In the remaining 
six patients, during the follow-up, one year after the surgery 
(osteoperforation with the introduction of PRP), 77, 86, 91, 
95, 82, and 38 points of the overall healing of the lesions 
were assigned. One of the patients, who had a full-thickness 
cartilaginous defect, was assigned 38 points according to 
the new assessment scale, mainly due to the absence of 
a part of the subchondral bone and the complete absence of 
articular cartilage above the OD lesion. According to E.J. Wall, 
75 points or more are required to recognize the OD process in 
the lesion. Despite the differences between the assessment 
methods that use MRI and X-ray, the current study used 
the same boundaries. With a total healing parameter of more 
than 75 points, no residual clinical symptoms were detected, 
and the child was allowed to have a full axial load and perform 
normal daily activities. That is why the OD lesions in five of 

the previously mentioned patients were considered “healed 
with minimal changes”; in one of the patients, no healing 
was observed, which was expected based on the clinical 
form of OD. Considering the parameters of the E.J. Wall 
X-ray scale, we defined the OD process as completed when 
reaching 75 points on the new assessment scale. On average, 
this value was reached in 6.6 mon in all studies.

All 34 MRI studies were divided into studies of “early 
postoperative period” (2–6 mon after the surgery) and 
“late postoperative period” (9–12 mon after the surgery). 
This was because when identifying clinical differences 
between patients, they could be distributed into two main 
categories, namely, those with “complete healing” and those 
with “healing with minimal changes.” Complete healing was 
achieved within 6 mon after the surgery. Thus, the values 
of MRI parameters for such patients at month 12 did not 
differ and were assigned 100 points, which may contribute 
to the value of the ICC when assessing the reliability between 
experts. To determine the intervention degree of this factor, 
the ICC was calculated for the first 2–6 mon and 9–12 mon 
after the surgery. For the second to sixth month after surgery, 
21 studies of 10 patients were included, and for the ninth to 
the twelfth month after surgery, 15 studies of 10 patients were 
included. The difference in the number of studies is because 
MRI was performed in patients with “complete healing” due 
to the rapid dynamics of healing on months two, four, and six 
after the surgery and then only on month 12.

At stage two, ICC was calculated for the total sample 
(34 MRI studies). An overall high level of agreement between 
researchers was noted for all indicators, and the highest 
value for the overall healing of the lesions was 0.993. 
The results are presented in Table 1.

At stage three, ICC was calculated for each of the two 
groups of patients according to the timing of the control MRI 
after the surgery.

Table 1. Values of the intraclass correlation coefficient for each parameter for assessing the healing of the osteochondritis dissecans lesion 
according to the magnetic resonance scale

Coefficient Degree of bone 
substance edema

Degree 
of consolidation Bone structure Assessment 

of articular cartilage
Overall healing  
of the lesion

Intraclass 
correlation

0.972 0.984 0.977 0.977 0.993

Table 2. The intraclass correlation coefficient for each parameter for assessing the healing of osteochondritis dissecans lesion according to 
the results of magnetic resonance imaging in the early (2–6 mon from the surgery) and late (9–12 mon from the surgery) periods. In the case 
of statistically significant differences between the parameters in the two groups, the p-value is indicated in brackets

Period Degree of bone 
substance edema

Degree 
of consolidation Bone structure

Assessment 
of articular 

cartilage

Overall healing 
of the lesion

Early postoperative  
(2–6 mon)

0.974 0.968 0.935 0.986 0.989

Late postoperative  
(9–12 mon)

0.537  
(p < 0.05)

0.987 0.987  
(p < 0.05)

0.988 0.988



DOI: https://doi.org/10.17816/PTORS96597

64

  Ортопедия, травматология  
 Том 10, № 1, 2022 и восстановительная хирургия детского возраста
НОВЫЕ ТЕХНОЛОГИИ  
В ТРАМАТОЛОГИИ И ОРТОПЕДИИ

Fig. 5. The general scheme for healing assessment, represented by four main parameters for assessing the healing of the 
osteochondritis dissecans lesion: the bone substance edema (circled in the figure on the left with a continuous line), the degree of 
consolidation (the line between the osteochondral fragment of the lesion and the maternal bone is indicated by an arrow in the figure on 
the left), bone structure (estimated by the density and structure of the bone tissue), and articular cartilage structure (indicated by arrows 
in the figure on the right)

Healing assessment — MRI PD-FS — modified E.J. Wall scale
Bone substance edema (0–100 points)
Connection of the fragment with the maternal bone (0–100 points)
Bone structure (0–100 points)
Signal and thickness of the cartilage (0–100 points) (according to the ICRS scale)

General healing  
(0–100 points)

The ICC for bone edema in the subgroup with a maximum 
follow-up of up to 6 mon amounted to 0.974 and remained 
at a high level compared with the indicator calculated 
in the analysis of the total sample. The ICC value for 
the consolidation level was 0.968 and decreased insignificantly 
compared with the results in the overall sample. The index 
for the bone tissue structure in the lesion was 0.935; for 
the structure of articular cartilage, 0.986; for the general 
healing, 0.989. The results of assessing the ICC for each 
parameter in the early postoperative and late postoperative 
period are presented in Table 2.

A decrease in the overall agreement between researchers 
becomes noticeable when analyzing a subgroup with follow-
up periods from 9 to 12 mon after surgery. This can be due 
to two factors: a decrease in the sample (only 13 studies 
(9–12 mon after surgery) were analyzed compared with 
34 for the general analysis) and a synchronous increase 
in the polarity between some indicators with an increase 
in the postoperative follow-up periods. For example, for 
bone substance edema, the ICC was only 0.537, which was 
directly related to the complete absence of bone substance 
edema in healed lesions and its preservation in patients 
with a poor treatment result. However, other parameters 
did not significantly differ: the ICC value was 0.987 for 
the consolidation index; 0.987 for the bone structure; 0.988 
for the cartilage structure; 0.988 for the general healing 
(Table 2).

At stage four, the consistency of the individual 
assessments of the researchers, obtained within a four-week 
interval, was determined. When calculating the ICC, there 
was an excellent degree of agreement between the estimates 
of each researcher, with an overall ICC value of 0.86. When 
calculating the degree of agreement in the subgroup of 

the early postoperative period (2–6 mon after surgery), 
the ICC value was 0.81, which is also an excellent indicator 
of reliability. In the group of the late postoperative period 
(9 to 12 mon), the ICC value was 0.92. When assessed using 
the Mann–Whitney coefficient, the difference in the results 
was statistically significant (p < 0.05). The difference was 
due to the healing of most lesions in the late postoperative 
period, which simplified the ranking of such lesions 
according to the new scale. Nevertheless, when determining 
the intraexpert reliability when assessing the most difficult 
lesions of the subgroup in the early postoperative period, 
the ICC value of 0.81 still indicates the applicability of the new 
scale at any time after the surgery.

Based on the developed scale for assessing the healing of 
OD lesions, the degree of lesion healing according to the new 
classification was determined, and the main assessment 
parameter was the “general lesion healing” (Fig. 5).

The indicator of general healing is calculated as 
the arithmetic mean of four parameters of the new scale 
for assessing the OD lesion, namely, the bone substance 
edema, degree of consolidation, structure of the bone, and 
articular cartilage. The average index was 58 points 2 mon 
after the surgery, and it increased to 70 points 12 mon after 
the surgery (variation from 30 to 100 points). According to 
the expert assessment, based on the new classification, 
the score required to recognize the lesion as healed (after 
assessing the MRI studies) was determined as the threshold 
of 75 points. This threshold was reached in six of 10 pediatric 
patients, and their lesions were determined as healed by 
the end of the follow-up year.

All patients with 75 points showed a pronounced improve-
ment according to the Pedi-IKDC questionnaire. In the six pa-
tients with an overall healing index of more than 75 points, 
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the average score of the overall functionality of the involved 
knee joint was 89% according to the questionnaire, which 
reflects a positive correlation between the clinical scale 
questionnaire and the new method (for assessing the heal-
ing of OD lesions using MRI). However, these data should be 
interpreted with caution, since methods that analyze correla-
tions in a sample larger than that in this study should be used 
to assess the strength and direction of the correlation. This 
study did not aim to estimate the correlation degree between 
clinical and MRI scoring.

DISCUSSION
OD predominantly affects young active patients, 

specifically, adolescent athletes with a rather high incidence 
in the age group of 11–14 years [2]. The course of the disease 
is characterized by a staged nature. On transitioning to 
the phase of the detachment of the bone and cartilage 
fragment, this disease leads to an increased risk of knee 
joint arthrosis [12].

The preoperative examination of a child with OD includes 
radiography and MRI of the knee joint to obtain data on 
the size of the bone defect, the surface area of articular 
cartilage damage, and the stability of the OD lesion to 
determine the treatment approach.

The approach of OD treatment depends on the stage of 
the disease, the duration of clinical symptoms, the patient’s 
age, and their sports activity. The accepted treatment in 
the early stages is currently conservative therapy for 6 mon, 
which leads to positive results in 50%–67% of cases [2]. 
If it is ineffective, surgical treatment is the next option 
[1–8, 13–19]. The surgical techniques in the early stages include 
biostimulation of the regeneration of the OD lesion area using 
osteoperforations with high efficiency (up to 91%) [20]; as well 
as fixation of the osteochondral fragment with a screw or 
pins with an efficiency of up to 100% [21] is performed during 
the fragment osteosynthesis. At later stages, depending on 
the size of the cartilaginous and bone defect, various types 
of chondroplasty are used, namely, mosaic chondroplasty 
with osteochondral columns taken from unloaded areas of 
the condyles of the patient’s femoral bones or chondroplasty 
using mesenchymal stem cells [22, 23].

As part of monitoring a patient with OD, orthopedists 
use various methods to monitor the lesion healing, such as 
radiography, computed tomography, and MRI. This compli-
cates the integration of data in a systematic review to assess 
the efficiency of OD treatment.

Despite the large number of studies focused on OD 
treatment results in the early stages, there is no single 
protocol for the postoperative examination of patients. 
The only generally accepted method for assessing the healing 
of a lesion with proven reliability is the knee radiography 
scale for assessing postoperative outcomes of the ROCK 

Study Group [5, 6]. Although the developed technique is 
convenient due to the general availability of radiography, 
it does not allow a reliable assessment of the articular 
cartilage in the OD lesion and the state of the femoral condyle 
outside the OD lesion and is also accompanied by the patient 
receiving a dose of gamma radiation.

Due to these drawbacks, at the Department of 
Traumatology and Orthopedics of the N.F. Filatov Children’s 
Clinical Hospital, together with the staff of the Department 
of Pediatric Surgery of the N.I. Pirogov Russian National 
Research Medical University, developed a method for 
assessing the OD lesion healing using MRI. The potential 
advantages of the technique over the existing X-ray are 
the absence of radiation exposure, the ability to determine 
indirectly the activity of the healing process or persistence 
of the OD lesion (by the degree of bone substance edema 
of the femoral condyle outside the zone of the OD lesion), 
and assessing the articular cartilage above the OD lesion. 
Another advantage of MRI should be mentioned: in several 
cases, when monitoring the healing of the OD lesion using 
MRI after osteoperforations, the OD process continues, 
passing into the stage of partial separation of the bone and 
cartilage fragment from the maternal bed. MRI reveals early 
signs of the OD lesion instability: a hyperintense line between 
the maternal bone and the osteochondral fragment, damage 
to the subchondral plate along the lesion periphery, multiple 
subchondral cysts, or a large subchondral cyst more than 
5 mm in diameter [24]. In case of lesion destabilization, 
an early repeated surgical intervention can be performed by 
fixing the osteochondral fragment with a screw.

The reliability of any diagnostic technique must be 
confirmed. The technique is considered reliable and is 
widely used if different researchers interpret the data 
obtained in the same way using it. Moreover, one researcher 
equally evaluates the data with a time interval of at least 
1 mon. This is confirmed using modern statistical methods. 
According to most studies, the best method for determining 
the reliability of a diagnostic technique or scale is ICC [16]. 
According to generally accepted rules, the technique is 
recognized as effective if the ICC is 0.6 or more. This 
indicates significant reliability when different doctors used 
the method. If the coefficient is 0.8 or more, the reliability is 
excellent [11].

In the present study, using MRI for assessing the OD lesion 
healing showed an excellent level of reliability of interexpert 
agreement. The system for assessing the OD lesion healing is 
based on using radiography for assessment. Therefore, sev-
eral criteria are of similar importance for the clinician: the de-
gree of consolidation, reflecting the achievement of healing 
in the area of the osteochondral fragment, and the structure 
of the bone substance. The reliability of the “consolidation” 
criterion proposed by Wall et al. for the ICC was 0.89 com-
pared with 0.984 for the “degree of consolidation” criterion in 
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Table 3. Estimation of the correlation coefficient in dynamics

Indicator Degree of bone 
substance edema

Degree 
of consolidation Bone structure

Assessment 
of articular 

cartilage

Overall healing 
of the lesion

General values  
(without grouping)

0.972 0.984 0.977 0.977 0.993

Early postoperative period 0.974 0.968 0.935 0.986 0.989
Late postoperative period 0.537 0.987 0.987 0.988 0.988

the new MRI classification. For the criterion “the bone sub-
stance structure,” ICC was 0.977 (0.88 for the similar criterion 
“ossification” according to E.J. Wall). It can be noted that both 
indicators achieved an excellent reliability score according to 
the criteria of Landis and Koch [11], which shows the consis-
tency between the two methods.

Besides the criteria for assessing the structure of 
the bone and disorders of consolidation in the maternal bone 
in the original study by E.J. Wall, three more criteria were 
considered: assessment of the condyle boundary, the degree 
of sclerosis of the maternal bone in the area adjacent to 
the OD lesion, and the lesion size. These criteria had an ICC 
of 0.75, 0.84, and 0.77, respectively. The lesion size and 
the condyle boundaries were considered good indicators, but 
the degree of their reliability was lower than consolidation and 
bone structure when assessing these parameters according 
to the developed scale using MRI. The overall lesion healing 
index based on the ROCK method, showed high reliability with 
an ICC of 0.94, while the ICC based on assessment using MRI 
was 0.99. The disadvantages of the X-ray scale for evaluating 
the results include the inability to determine the degree of 
bone substance edema and hence the severity of disorders 
in the maternal bone and articular cartilage.

Besides assessing bone structures, the new method for 
MRI assessment of lesion healing used two more parameters: 
articular cartilage assessment (ICC: 0.97) and degree of 
bone substance edema (ICC: 0.972). These indicators largely 
distinguish the new technique from the old one, and due to 
assessing the bone substance edema, the degree of damage 
to the femoral condyle and the process activity can indirectly 
be determined. Pronounced edema of the bone substance 
is noted in pediatric patients with OD after surgery and 
persists for an average of 4 to 6 mon, and in some cases 
longer, and indicates the ongoing process of restructuring 
of the bone tissue of the femoral condyle. MRI evaluation of 
the articular cartilage is necessary for the patient to return 
to sports activity. In the long term, most children experience 
a pronounced pain syndrome when playing sports, which was 
revealed during this study, and also described in the literature. 
Up to 16% of pediatric patients after OD with loss of articular 
cartilage segments may experience pain even 14 years after 
surgical treatment [12].

The authors of the ROCK X-ray technique compared 
ICC scores for assessment criteria between the same 

investigators for each criterion after surgery and overall 
healing within 2–24 mon after the surgery. The scores for 
consolidation, maternal bone sclerosis, and overall healing 
passed the threshold of 0.8 and demonstrated excellent 
reliability, while the scores for lesion size, bone boundaries, 
and degree of bone ossification in the lesion were 0.77, 0.75, 
and 0.74, respectively. For the overall healing of the lesion 
within 2 mon to 2 y, a moderate increase from 0.65 to 0.7 
was established with a slight decrease to 0.69 by the end of 
year two of the follow-up. In the present study, the reliability 
index of the overall healing criterion also gradually increased 
(from 0.81 to 0.92) by the end of year one after surgery and 
was significantly higher than that of E.J. Wall et al.

Generally, the method of assessing the lesion healing 
using MRI showed excellent reliability at different times since 
the surgery, both when assessed by different investigators 
and when assessed by the same investigator at a certain 
time interval (Table 3).

In this study, the lesions of a sample of 10 patients 
healed one year after the surgery, except for one patient. 
Thus, 90% of OD lesions healed (more than 75 points on 
the MRI scale), with an average lesion size of 3.11 cm2. 
K. Davidson et al. treated stable OD lesions using 
the antegrade osteoperforation technique and administered 
bone marrow aspirate concentrate to the lesion area. 
Treatment efficacy was assessed using the E.J. Wall, and for 
76.5% of the lesions, a score of 75 was obtained, and they 
were recognized as healed. The average healing time was 
10.6 mon, with an average size of lesions of 4.07 cm2 [25]. 
Due to the small sample in our study, it was impossible to 
conclude which of the methods was more effective. However, 
since in the study by K. Davidson et al., the average sizes of 
the lesions were larger, the reduced number of satisfactory 
results can be explained from the standpoint of the already 
studied aspects of the course of OD. No other studies using 
the ROCK rating scale with full text were found in international 
literature, when searching the PubMed, Medline, and Embase 
databases.

Thus, the new scale for assessing the healing of OD 
lesions based on MRI studies has a high degree of reliability 
and reproducibility both between different researchers and 
when assessed by the same researcher within a certain time 
interval. As for the negative aspects, it should be noted that 
the sample size is too small to test the relationship between 
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the data of clinical scales for assessing recovery after OD 
and the indicators for assessing the healing of OD lesions 
according to the new MRI scale. To introduce the scale into 
the diagnostic protocol of postoperative follow-up, a study 
using the scale on a larger number of patients should be 
conducted.

CONCLUSION
Using the developed scale for MRI assessment of OD 

lesion healing, it is possible to assess not only the healing 
of the bone part of the lesion but also the state of 
the articular cartilage and its dynamics, the degree of 
the process generalization to the bone tissue of the entire 
femoral condyle, and the dynamics of the process of 
restoring the bone of the entire condyle. This will determine 
the early stages and the signs of lesion instability for timely 
intervention in case of a poor outcome of OD treatment with 
the lesion destabilization. The consistency of assessments 
of the same researchers and between different researchers 
suggests that the technique has a high degree of reliability, 
but for widespread use in clinical practice and research, 
the scale should be tested on a larger sample of patients 
with OD.
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