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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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AHHOTALIUA

06ocHoBaHue. [Mof HeCTabWUNbHOCTLIO HAAKONEHHUKA MOHUMAKT PELMAMBUPYIOLLME BbIBUXW W MOABBLIBUXM HAAKONEHHMKA
OTHOCUTENBHO TPOX/eapHOM Bblpe3ku beapeHHoN KocTW. [laHHoe cocTosHMe — OAHO M3 Haubonee pacnpocTpaHeHHbIX 3a-
boneBaHuit KONEHHOrO cycTaBa y NauMeHToB eTcKoro BospacTa. KocTHble M MArKOTKaHbIe CTPYKTYpbl AEHCTBYIOT Kak cTabu-
N3aTopbl HAAKONIEHHWUKA, U U3MEHEHUS B JII0OOW U3 HUX MOTYT ONpeaensTb NPUYMHY HecTabunbHocTH. [paKTUYECKUI MHTe-
pec NpeLCTaBASIOT JaHHbIE MarHUTHO-PE30HAHCHON TOMOrpaduu Mo COCTOSIHUI0 KOCTHO-XPALLEBBIX M MAMKOTKaHBIX CTPYKTYP
B obnactu natennodeMopantbHOre COYNIEHEHUS Y LEeTeW C HECTabMIbHOCTBIO HALKOMEHHWKA, a TaKKe WX COMoCTaBNeHue
C K/IMHUYECKOW KapTUHOMA.

Lienb — oueHUTb 0CHOBHbIE 0COBEHHOCTM KapTWUHBI MarHUTHO-pPe30HaHCHOW ToMorpadmm B 30He naTennodemMopanbHoro coy-
NIeHeHWs y NaUMEHTOB JETCKOro BO3pacTa C HeCTabubHOCTBI0 HAAKOMEHHMKA W UX KIIMHUYECKUE NPOSIBNEHMS.

Marepuansl u MeToabl. [poaHanU3MpoBaHbI ANMAEMUONIOTMYECKUE, KITMHUYECKUE JaHHbIE W [JaHHbIE MAarHUTHO-PE30HaHCHOM
ToMorpadu y NaUMeHTOB € HECTABUNBHOCTLIO HAAKONEHHUKA U MOBPEXAEHNEM NepeaHei KpecToo0pa3Hoi CBA3KM KOJIEHHO-
ro cyctaBa. KputepusiM BKITIOYEHUA B UCCNELOBaHME COOTBETCTBOBANM 52 NaLMeHTa OCHOBHOM rpynnbl WU 44 nauueHTa rpynnbl
CpaBHEHMA C NOBPEXEHNEM NepenHen KpecToobpasHoii cBA3KK. CTaTUCTUUECKM JOCTOBEPHBIX Pa3nuuuiA No pacrnpegeneHuo
BO3pacTa BbISBNIEHO He bbino.

PesynbTatbl. BbisiBNeHbl 3Ha4MMble pasnuyms B rpynnax Ans Tuna HagkoneHHuka no Wiberg, Hanuuuio npenyyBCTBUS Bbi-
BMXa U rMNepMobMIIBHOCTM HAKONEHHWKA. BbisBNEHbI TakKe pasnnyms y NaLMeHTOB OTHOCUTENBHO JlaTepanbHOW MHKIMHA-
LW ¥ ryBUHBI TPOX/IEAPHOI BhIPE3KY, BCTPEYAEMOCTH KIIMHUYECKUX NPU3HAKOB MPeLYyBCTBUSA BbIBUXA U rUNEPMOOMIIBHOCTM
HaaKoneHHuKa (p <0,001).

3aknouenue. TpoxnieapHas aucnnasus ABNAeTCA BaXkHbIM GaKkTopoM, MpefpacnonaratollmM K GopMUPOBaHMI0 HECTabWb-
HOCTU HaJKOJIeHHMKA Y MaLMeHTOB AETCKOro Bo3pacTa. B xofe npoBegeHHOro ncciefoBaHus NOATBEPKAEHbI CTaTUCTUYECKM
LOCTOBEPHbIE Pa3nnums MoKasaTenen, XapaKTepusyLwmMX TPOXJ1eapHylo OMUCMNa3uio U BAMSHUE AaHHOro daKTopa Ha HecTa-
BUIBbHOCTb HaAKONIEHHWUKA Y [eTel, BKITH0Yas B3aUMOCBA3b C KIIMHUYECKUMM MPOSBIIEHUAMM.

Kniouesble cnoBa: HeCcTabunbHOCTb HAAKONEHHMKA; KOMEHHbIN CYCTaB; BbIBUX HAAAKONEHHUKA; AETU; MarHUTHO-Pe30HaHCHas
ToMorpagms.
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CLINICAL STUDIES

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
1017 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
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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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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). 4, line tangent to the lateral facet; B, line tangent to the posterior condylar line.

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 (4) to the patellar
length (B)—A/B. The Caton-Deschamps index is based

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 (4)—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, MRl 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 (4) were measured. The ratio A/B x 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 [@;; Q;].
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

Vol 13 (2) 2025
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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.

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. 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).
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Table 1. Descriptive statistics of quantitative variables by group (Me [@,; @;])

ODTOHCLLMH, TpaBMatonorna
1 BOCCTaHOBMTENIBHAA XMPYypria AETCKOro Bo3pacta

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 1700 [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; Q;; @;, 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(96) 42 (95.5)
Type 2 14(26.9) 2 (4.5) <0.001*
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 (1.5) 38 (86.4)
<0.001*
Yes 46 (88.5) 6 (13.6)
Patellar medial edge No 42 (80.8) 0(0)
0, —
fracture (PMF), n (%) Yes 10 (192) 00)
Osteochondral bodies (OCB), No 47 (90.4) 0(0)
n (%) _
Yes 5(9.6) 0(0)
Note: *Significant differences (p < 0.05).
Table 3. Analysis of inclination according to clinical parameters
Inclination, °
Parameter Category p
Me a; a, n
Apprehension No 15.00 13.00; 1700 56
<0.001*
Yes 12.00 9.80; 12.00 40
Hypermobility No 15.00 13.00; 1700 A
<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
0cB No 12.00 9.80; 12.00 47
0.031*
Yes 12.00 12.00; 1700 5

Note for Tables 3-5: Me, median; Q;; @, first and third quartiles; MPF, medial patellar facet fracture; OCB, osteochondral bodies. Differences were considered

significant at p < 0.05.
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Table 4. Trochlear groove depth according to clinical manifestations

Vol 13 (2) 2025
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Trochlear groove depth, mm
Parameter Category p
Me a; a, n
Apprehension No 4.00 3.00; 4.00 56 <0.001*
Yes 2.70 2.60; 3.45 40
Hypermobility No 400 3.00; 4.25 Lty <0.001*
Yes 2.75 2.60; 3.60 52
MPF No 2.70 2.60;3.36 42 0.316
Yes 315 2.62;3.60 10
0CB No 2.70 2.60; 350 47 0.263
Yes 2.60 2.60;2.70 5
Table 5. Comparison of clinical manifestations and femoral condylar facet asymmetry
Facet asymmetry, %
Parameter Category p
Me a;aQ, n
Apprehension No 45,00 4175; 48.00 56
<0.001*
Yes 33.50 33.00; 38.00 40
Hypermobility No 4550 42.75; 48.00 VA 0001
Yes 36.00 33.00, 4125 52 e
MPF No 33.00 33.00; 38.00 42
0.675
Yes 38.00 33.00; 38.00 10
0CB No 33.00 33.00; 38.00 47
0.620
Yes 33.00 33.00; 48.00 5

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].
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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
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