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ABSTRACT
BACKGROUND: Patellar instability refers to recurrent dislocations and subluxations of the patella relative to the femoral troch-
lear groove. This condition is one of the most common disorders of the knee joint in pediatric patients. Both bone and soft 
tissue structures act as stabilizers of the patella, and alterations in any of these components may contribute to patella insta-
bility. Magnetic resonance imaging (MRI) findings related to the osteochondral and soft tissue structures of the patellofemoral 
joint in children with patellar instability, as well as their correlation with clinical presentation, are of practical interest.
AIM: This study aimed to assess the key MRI features of the patellofemoral joint zone in pediatric patients with patellar 
instability and evaluate their clinical manifestations.
METHODS: Epidemiological, clinical, and MRI data were analyzed for patients with patellar instability and anterior cruciate 
ligament injury. The study included 52 patients in the main group and 44 patients in the comparison group with anterior cruci-
ate ligament injury. No statistically significant differences in age distribution were observed.
RESULTS: Significant differences were identified between the groups in terms of Wiberg patellar type, presence of a patellar 
apprehension sign, and patellar hypermobility. Differences were also noted in the lateral inclination and depth of the trochlear 
groove, as well as in the frequency of clinical signs such as patellar apprehension and patellar hypermobility (p < 0.001). 
CONCLUSION: Trochlear dysplasia is a key predisposing factor for the development of patellar instability in pediatric pa-
tients. This study confirmed statistically significant differences in the parameters characterizing trochlear dysplasia, as well 
as the influence of this factor on patellar instability in children, including its correlation with clinical manifestations.
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АННОТАЦИЯ
Обоснование. Под нестабильностью надколенника понимают рецидивирующие вывихи и подвывихи надколенника 
относительно трохлеарной вырезки бедренной кости. Данное состояние — одно из наиболее распространенных за-
болеваний коленного сустава у пациентов детского возраста. Костные и мягкотканые структуры действуют как стаби-
лизаторы надколенника, и изменения в любой из них могут определять причину нестабильности. Практический инте-
рес представляют данные магнитно-резонансной томографии по состоянию костно-хрящевых и мягкотканых структур 
в области пателлофеморального сочленения у детей с нестабильностью надколенника, а также их сопоставление 
с клинической картиной. 
Цель — оценить основные особенности картины магнитно-резонансной томографии в зоне пателлофеморального соч-
ленения у пациентов детского возраста с нестабильностью надколенника и их клинические проявления. 
Материалы и методы. Проанализированы эпидемиологические, клинические данные и данные магнитно-резонансной 
томографии у пациентов с нестабильностью надколенника и повреждением передней крестообразной связки коленно-
го сустава. Критериям включения в исследование соответствовали 52 пациента основной группы и 44 пациента группы 
сравнения с повреждением передней крестообразной связки. Статистически достоверных различий по распределению 
возраста выявлено не было. 
Результаты. Выявлены значимые различия в группах для типа надколенника по Wiberg, наличию предчувствия вы-
виха и гипермобильности надколенника. Выявлены также различия у пациентов относительно латеральной инклина-
ции и глубины трохлеарной вырезки, встречаемости клинических признаков предчувствия вывиха и гипермобильности 
надколенника (p <0,001). 
Заключение. Трохлеарная дисплазия является важным фактором, предрасполагающим к формированию нестабиль-
ности надколенника у пациентов детского возраста. В ходе проведенного исследования подтверждены статистически 
достоверные различия показателей, характеризующих трохлеарную дисплазию и влияние данного фактора на неста-
бильность надколенника у детей, включая взаимосвязь с клиническими проявлениями. 

Ключевые слова: нестабильность надколенника; коленный сустав; вывих надколенника; дети; магнитно-резонансная 
томография. 
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儿童髌骨不稳定的临床与MRI影像学表现儿童髌骨不稳定的临床与MRI影像学表现
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摘要摘要

论证。论证。髌骨不稳定是指髌骨相对于股骨滑车沟发生反复性脱位或半脱位的状态。该病是儿童膝关节

最常见的疾病之一。骨性结构与软组织结构共同作为髌骨的稳定器，任一结构的改变均可能成为导

致不稳定的原因。对于髌骨不稳定患儿，磁共振成像所提供的髌股关节区域骨软骨及软组织结构状

态的信息具有重要的实用价值，且可与临床表现进行对照分析。

目的目的：评估儿童髌骨不稳定患者髌股关节区磁共振成像的主要表现及其临床特征。

材料与方法。材料与方法。分析髌骨不稳定患者与前交叉韧带损伤患者的流行病学资料、临床数据及磁共振成像

结果。共有52例主组患儿和44例前交叉韧带损伤的对照组患儿符合纳入标准。年龄分布无统计学显

著差异。

结果。结果。在Wiberg髌骨类型、脱位预感和髌骨过度活动度方面，各组之间存在显著差异。在患者的股

骨滑车外侧倾斜角度、滑车窝深度以及脱位预感和髌骨过度活动度等临床表现方面也观察到统计

学显著差异（p < 0.001）。

结论。结论。股骨滑车发育不良是促使儿童患者出现髌骨不稳定的重要因素。本研究证实，表征股骨滑车发

育不良的指标在儿童髌骨不稳定中具有统计学显著差异，且该因素与临床表现之间存在相关性。

关键词：关键词：髌骨不稳定；膝关节；髌骨脱位；儿童；磁共振成像。
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BACKGROUND
Patellar instability refers to recurrent dislocations 

and subluxations of the patella relative to the femoral trochlear 
groove. This condition can lead to significant limitations 
in physical activity and increase the risk of patellofemoral 
joint osteoarthritis if not treated [1, 2].

The overall incidence among pediatric patients is 2.8 cases 
per 100,000 children per year, with a peak incidence at age 
10–17 years, reaching up to 50 cases per 100,000 in this age 
group [3–5].

The clinical manifestations of patellar instability are 
frequently observed during physical exertion and sports 
activities, accounting for up to 60% of primary dislocation 
events. Some patients with habitual patellar dislocation 
experience episodes of instability even during routine 
activities [6].

Following conservative treatment of a single transient 
patellar dislocation episode, up to 50% of patients still report 
anterior knee pain. Among patients receiving conservative 
therapy, the  recurrence rate of patellar dislocation 
is 15%–44% [4]. After a second dislocation, recurrent episodes 
are observed in 50% of cases. Other significant risk factors 
of recurrent instability include age, type of initial treatment, 
and anatomical features [7].

Bony and soft tissue structures serve as stabilizers 
of the patella, and alterations in any of them may lead 
to patella dislocation. The leading predisposing factors 
for instability include patella alta, trochlear dysplasia, 
and genu valgum [8].

Magnetic resonance imaging (MRI) is considered 
the gold standard in the radiologic assessment of joints 
and soft tissue lesions. Its high resolution allows for excellent 
multiplanar visualization and differentiation of soft tissues, 
bone structures, articular cartilage, muscles, ligaments, 
and tendons. Moreover, the absence of ionizing radiation 
makes MRI the preferred method for evaluating injuries 
in the pediatric population [9]. MRI findings regarding 
the condition of osteochondral and soft tissue structures 
of the patellofemoral joint in children with patellar instability 
and their correlation with the clinical picture are of practical 
interest.

The work aimed to evaluate the key MRI features 
of the patellofemoral joint zone in pediatric patients 
with patellar instability and their clinical manifestations.

METHODS
The epidemiological, clinical, and MRI data of patients 

with patellar instability and anterior cruciate ligament (ACL) 
injury of the knee joint who were hospitalized for surgical 
treatment at the Turner National Medical Research Center 
for Children’s Orthopedics and Trauma Surgery, Ministry 

of Health of Russia, between 2022 and 2024 were 
analyzed.

Study design: non-randomized, retrospective, descriptive, 
single-center.

The primary unit of statistical analysis (observation unit) 
was pediatric patients with patellar instability (main study 
group). The comparison group included pediatric patients 
with capsuloligamentous injuries of the knee joint.

Inclusion criteria:
	• Age between 12 and 17 years;
	• Presence of patellar instability (main group) or capsulo-

ligamentous injury of the knee joint (comparison group);
	• Available clinical and imaging data.

Exclusion criteria:
	• Absence of patellar instability in the main group or ACL 

injury in the comparison group confirmed by in-hospital 
evaluation; 

	• Presence of systemic condition or congenital limb defor-
mities.
Patients with ACL injuries were selected as the comparison 

group, as they underwent a similar preoperative assessment 
to that of patients in the  main group. MRI was performed 
according to the clinical guidelines of the Association 
of Traumatologists and Orthopedists of Russia [10].

MRI features reflecting patellofemoral joint dysplasia 
were evaluated: Wiberg patellar type, Insall–Salvati 
and Caton–Deschamps indices, lateral inclination 
of the trochlear groove, facet asymmetry, trochlear groove 
depth, tibial tubercle–trochlear groove (TT–TG) distance, 
and patellotrochlear index. Moreover, signs of prior patellar 
dislocation with osteochondral injury were assessed, 
including the presence of a medial patellar margin fracture 
and intra-articular osteochondral loose bodies. Among 
the analyzed clinical signs were the presence of patellar 
apprehension and hypermobility.

MRI was performed using a Philips Ingenia Elition X 
scanner with a magnetic field strength of 3.0 T. The protocol 
included proton density-weighted sequences with fat 
suppression and T1- and T2‑weighted images in sagittal, 
axial, and coronal planes with a slice thickness of 3 mm.

According to the Wiberg classification, patellar facets 
are divided into three types based on the relative sizes 
of the medial and lateral facets. The Wiberg classification 
was originally used for radiography, but is currently applied 
in other modalities [5]. In the present study, the classification 
was used following the standard methodology, which 
identifies three Wiberg types. According to scientific data, 
the frequency distribution was as follows: type 1, 10%; 
type 2, 65%; and type 3, 25%. In type 1 patellae, the medial 
and lateral facets were equal in size and were concave. 
In type 2, the medial facet was shorter than the lateral one; 
both facets were concave. In type 3, the medial facet was 
much shorter than the lateral facet and is convex [8, 11].
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Lateral trochlear inclination was assessed using the first 
axial image on which the articular cartilage was visible. 
The inclination angle between the lateral condylar line 
and posterior femoral condylar line was measured. A line 
tangent to the subchondral bone of the posterior surfaces 
of the femoral condyles was intersected with a line tangent 
to the subchondral bone of the lateral surface of the trochlear 
groove. An inclination angle of <11° indicated trochlear 
dysplasia (Fig. 1) [12].

Trochlear facet asymmetry was evaluated on axial 
MRI images without fat suppression, using the  first slice 
on which the articular cartilage was visible. Trochlear 
groove asymmetry was measured as the ratio of the medial 
facet to the lateral facet. The length of the medial facet (M) 
and of the lateral facet (L) were measured to obtain facet 
asymmetry; the length of the medial facet was divided 
by the length of the lateral facet and expressed as percentage 
(M/L × 100%). A ratio of the trochlear facets below 40% was 
indicative of trochlear dysplasia (Fig. 2) [13].

Furthermore, the depth of the trochlear groove was 
assessed using axial slices. The measurement was performed 
using the formula ([A + B/2] − C) proposed by Pfirrmann 

et al. [14]. Distances A and B were defined as the maximal 
anteroposterior measurements from the posterior aspects 
of the femoral condyles to the subchondral bone of the trochlear 
groove at the lateral and medial sides, respectively. Distance C 
represented the minimal anteroposterior distance from 
the deepest point of the trochlear groove to a line parallel 
to the posterior contours of the femoral condyles (Fig. 3).

Measurement of the TT–TG distance involves determining 
the distance from the trochlear groove to tibial tuberosity. 
In patients with severe patellofemoral joint dysplasia, 
measurement of the distance between the tibial tuberosity 
and deepest point of the trochlear groove is less accurate 
due to the difficulty in determining the groove depth. 
A distance of <15 mm between the tibial tuberosity 
and deepest point of the trochlear groove is considered 
normal; a distance of 15–20 mm is regarded as borderline; 
and a distance >20  mm indicates marked lateralization 
of the tibial tuberosity [13, 15].

In addition, the Insall–Salvati and Caton–Deschamps 
indices were analyzed. The Insall–Salvati index is calculated 
as the ratio of the patellar tendon length (A) to the patellar 
length (B)—A/B. The Caton–Deschamps index is based 

Fig. 1. Lateral trochlear inclination on magnetic resonance imaging in a 15-year-old female patient with patellar instability (1.2°) (a) and in a 17-year-old 
female patient with anterior cruciate ligament injury (21°) (b). A, line tangent to the lateral facet; B, line tangent to the posterior condylar line.

a b

A A

B

B

a b

M ML L

Fig. 2. Trochlear facet asymmetry index on magnetic resonance imaging: (a) 16-year-old female patient with patellar instability (33%) and (b) 17-year-old 
female patient with anterior cruciate ligament injury (75%). M, medial facet length; L, lateral facet length.
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on the measurement of the patellar articular surface length (B) 
and the distance from the inferior margin of the articular 
surface to the tibial plateau  (A)—A/B. The Insall–Salvati 
index within the range of 0.8–1.2 is considered normal, 
whereas the normal range for the Caton–Deschamps index 
is 0.6–1.3 [16].

Moreover, MRI was used to determine the presence 
of free osteochondral bodies and signs of medial patellar 
margin fracture, and the patellotrochlear index was analyzed. 
On lateral projection, the height of the patellar articular 
surface (B) and portion of the trochlear groove articulating 
with the patella (A) were measured. The ratio А/В × 100% 
was calculated, with values <12.5% considered normal 
according to scientific data (Fig. 4) [17].

Patellar apprehension was assessed by flexing the knee 
to 20° and applying a lateral force to the patella, reproducing 
the lateral dislocation trajectory. The test was considered 
positive if apprehension was provoked and negative if no 
symptoms were reported.

Patellar hypermobility was evaluated with the knee in full 
extension by applying lateral displacement to the patella. 
Displacement of one-third or more of the patellar width was 
recorded as a positive sign.

Statistical analysis was performed using StatTech v. 4.8.0 
(StatTech LLC, Russia). The distribution of quantitative 
variables was assessed for normality using the Shapiro–
Wilk test (for samples <50) or Kolmogorov–Smirnov test 
(for samples >50). In cases where the data did not follow 
a normal distribution, quantitative variables were described 
using the median (Me) and lower and upper quartiles [Q1; Q3]. 
A quantitative variable with a non-normal distribution was 
compared between the two groups using the Mann–Whitney 
U test. The discriminatory ability of quantitative parameters 
in predicting specific outcomes was assessed using ROC 

curve analysis. The cutoff point was determined based 
on the highest Youden index.

Fifty-two patients in the main group and 44 patients 
in the comparison group met the inclusion criteria. 
No  significant differences were found in age distribution. 
Significant differences were identified for other quantitative 
variables and are presented in Table 1.

RESULTS
Statistical analysis revealed significant differences 

in the Wiberg patellar type, presence of patellar 
apprehension, and patellar hypermobility. Patellar fractures 
and osteochondral bodies were not observed in the comparison 

Fig. 3. Trochlear groove depth measurement on magnetic resonance 
imaging in a 16-year-old female with patellar instability: A, maximal an-
teroposterior distance between the femoral condyles and lateral facet; B, 
maximal anteroposterior distance between the femoral condyles and deep-
est point of the trochlear groove; and C, maximal anteroposterior distance 
between the femoral condyles and medial facet.

A
B C

Fig. 4. Patellotrochlear index on magnetic resonance imaging: a, 16-year-old female with patellar instability. Patellotrochlear index value: 11.4%; 
b, 15-year-old male with anterior cruciate ligament injury. Patellotrochlear index value: 39.1%. A, length of the trochlear articular surface in contact with 
the patellar articular surface; B, length of the patellar articular surface (patellar height).

a b

B

B

A
A
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Table 1. Descriptive statistics of quantitative variables by group (Me [Q1; Q3])

Parameter Main group Comparison group p

Age, years 15.00 [14.00; 16.25] 16.00 [14.00; 16.00] 0.399

IS 1.70 [1.35; 1.80] 1.00 [1.00; 1.10] <0.001

CD 1.30 [0.97; 1.40] 1.10 [1.00; 1.10] <0.001

Lateral inclination, ° 12.00 [9.80; 12.00] 16.00 [14.00; 17.00] <0.001

Facet asymmetry, % 33.00 [33.00; 38.00] 46.00 [43.75; 48.00] <0.001

Trochlear groove depth, mm 2.70 [2.60; 3.40] 4.00 [3.00; 5.00] <0.001

TT–TG, mm 17.00 [16.00; 18.00] 16.00 [15.00; 17.00] <0.001

PTI, % 1.20 [1.17; 1.20] 1.60 [1.50; 1.70] <0.001

Note: Me, median; Q1; Q3, first and third quartiles; IS, Insall–Salvati index; CD, Caton–Deschamps index; TT–TG, tibial tuberosity–trochlear groove distance; 
PTI, patellotrochlear index.

Table 2. Descriptive statistics of categorical variables by group

Parameter Category Main group Comparison group p

Sex, n (%) Male 33 (63.5) 29 (65.9)
0.803

Female 19 (36.5) 15 (34.1)

Localization, n (%) Right 23 (44.2) 0 (0)

–Left 16 (30.8) 0 (0)

Bilateral 13 (25.0) 0 (0)

Wiberg type, n (%) Type 1 5 (9.6) 42 (95.5)

<0.001*Type 2 14 (26.9) 2 (4.5)

Type 3 33 (63.5) 0 (0.0)

Patellar apprehension, n (%) No 12 (23.1) 44 (100.0)
<0.001*

Yes 40 (76.9) 0 (0.0)

Patellar hypermobility, n (%) No 6 (11.5) 38 (86.4)
<0.001*

Yes 46 (88.5) 6 (13.6)

Patellar medial edge 
fracture (PMF), n (%)

No 42 (80.8) 0 (0)
–

Yes 10 (19.2) 0 (0)

Osteochondral bodies (OCB), 
n (%)

No 47 (90.4) 0 (0)
–

Yes 5 (9.6) 0 (0)

Note: *Significant differences (p < 0.05).

Table 3. Analysis of inclination according to clinical parameters

Parameter Category
Inclination, °

p
Me Q1; Q3 n

Apprehension No 15.00 13.00; 17.00 56
<0.001*

Yes 12.00 9.80; 12.00 40

Hypermobility No 15.00 13.00; 17.00 44
<0.001*

Yes 12.00 9.80; 12.30 52

MPF No 12.00 9.80; 12.00 42
0.693

Yes 10.40 9.80; 12.00 10

OCB No 12.00 9.80; 12.00 47
0.031*

Yes 12.00 12.00; 17.00 5

Note for Tables 3–5: Me, median; Q1; Q3, first and third quartiles; MPF, medial patellar facet fracture; OCB, osteochondral bodies. Differences were considered 
significant at p < 0.05.
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group; therefore, these were excluded in the  statistical 
analysis. Table 2 presents descriptive statistics.

The most common Wiberg patellar type in patients 
with patellar instability was type 3 (n = 33, 63.5%) and type 1 
in patients with ACL injury (n = 42, 95.5%) (p < 0.001).

Statistical analysis revealed significant differences 
in lateral trochlear inclination and prevalence of clinical signs 
such as patellar apprehension and patellar hypermobility 
between the groups. No significant differences were 
found in patients with patellar medial edge fractures 
or osteochondral bodies (Table 3).

Analysis of the sensitivity and specificity of lateral 
trochlear inclination revealed that this parameter was 
a significant predictor of patellar apprehension, hypermobility, 
and presence of intra-articular osteochondral bodies 
(p < 0.01).

Additionally, the analysis determined significant 
differences in trochlear groove depth and the  incidence 
of clinical signs of patellar apprehension and patellar 
hypermobility. No such differences were observed in patients 
with patellar medial edge fractures or osteochondral bodies. 
Table 4 presents the data.

Analysis of the sensitivity and specificity showed that 
trochlear depth was a significant predictor of patellar 
apprehension and patellar hypermobility (p < 0.01). Similar 

results were observed when analyzing the predictive value 
of the trochlear facet asymmetry index for clinical symptoms 
(Table 5).

Analysis of the sensitivity and specificity of the facet 
asymmetry index revealed that it is a  significant predictor 
of patellar apprehension and hypermobility (p < 0.01).

DISCUSSION
This study revealed a significant difference in the severity 

of trochlear dysplasia between the main and comparison 
groups. Regarding patella alta, all indices (CD, IS, and PTI) 
demonstrated equivalent performance, which supports the use 
of PTI comparable with other indices. The CD and IS indices 
have several limitations related to the characteristics 
of the inferior pole of the patella and patellar ligament, which 
underscores the relevance of using PTI, as its calculation 
is not affected by the anatomical features of these structures.

Scientific data indicate that different Wiberg patellar 
types influence the incidence of knee joint injuries [18]. 
In the present study, Wiberg type 3 was the most common 
(n = 33, 63.5%), followed by type 2 (n = 14, 26.9%). These 
findings are consistent with those reported by Djuricic 
et al. [19]. In this context, trochlear dysplasia is considered 
a leading cause of patellar instability [18].

Table 4. Trochlear groove depth according to clinical manifestations

Parameter Category
Trochlear groove depth, mm

p
Me Q1; Q3 n

Apprehension No 4.00 3.00; 4.00 56 <0.001*

Yes 2.70 2.60; 3.45 40

Hypermobility No 4.00 3.00; 4.25 44 <0.001*

Yes 2.75 2.60; 3.60 52

MPF No 2.70 2.60; 3.36 42 0.316

Yes 3.15 2.62; 3.60 10

OCB No 2.70 2.60; 3.50 47 0.263

Yes 2.60 2.60; 2.70 5

Table 5. Comparison of clinical manifestations and femoral condylar facet asymmetry

Parameter Category
Facet asymmetry, %

p
Me Q1; Q3 n

Apprehension No 45.00 41.75; 48.00 56
<0.001*

Yes 33.50 33.00; 38.00 40

Hypermobility No 45.50 42.75; 48.00 44
<0.001*

Yes 36.00 33.00; 41.25 52

MPF No 33.00 33.00; 38.00 42
0.675

Yes 38.00 33.00; 38.00 10

OCB No 33.00 33.00; 38.00 47
0.620

Yes 33.00 33.00; 48.00 5
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The most commonly used MRI parameters in assessing 
trochlear dysplasia are the facet asymmetry index, lateral 
inclination, and trochlear depth [20]. Lateral inclination provides 
a quantitative assessment of dysplasia. Notably, a value 
below 11° is associated with a 95% probability of patellar 
instability secondary to trochlear facet asymmetry  [21], 
whereas a threshold of <0.4 or 40% for the facet asymmetry 
index indicates the presence of trochlear dysplasia [22].

Furthermore, the findings of the present study confirm 
the significant role of trochlear dysplasia in the development 
of recurrent patellar instability, as evidenced by significant 
differences in all parameters compared to the control 
group. We believe that the association between parameters 
characterizing trochlear dysplasia and the clinical 
manifestations of patellar instability should be established. 
The obtained results regarding the facet asymmetry index, 
lateral inclination, and trochlear depth indicate a high 
probability of patellar hypermobility, manifested as patellar 
apprehension. This relationship with the clinical presentation 
may indicate that trochlear dysplasia contributes to episodes 
of dislocation and to articular cartilage damage due 
to pathological load distribution within the patellofemoral 
joint. It is of particular interest to evaluate the effect 
of the severity of trochlear dysplasia on knee joint function 
in children before and after surgical treatment, depending 
on the intervention performed.

CONCLUSION
Trochlear dysplasia is an important predisposing 

factor for the development of patellar instability 
in pediatric patients. The present study confirmed significant 
differences in parameters characterizing trochlear dysplasia 
and demonstrated the impact of this condition on patellar 

instability in children. Moreover, an association was revealed 
between trochlear dysplasia and the clinical manifestations 
of patellar instability. Further studies are warranted to assess 
knee joint function before and after surgical treatment, 
considering the type of surgical intervention and radiological 
features.
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