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Abstract

Background. Patellar instability is one of the most common pathologies of the musculoskeletal system,
predominantly observed in physically active young individuals. It ranks third in the structure of knee joint
injuries after anterior cruciate ligament and meniscal injuries.

The aim of this review — to present modern perspectives on the diagnosis, principles, and surgical treatment
techniques for patients with patellar instability based on an analysis of the literature.

Methods. Publications were searched in the PubMed/MedLine and eLIBRARY databases. A total of 112
foreign articles published between 1984 and 2023 and 12 domestic publications from 2011 to 2022 were
found. During the analysis, 68 articles were selected, which had full texts or abstracts containing sufficient
information on diagnostic methods, commonly used standard and modified surgical correction methods for
patellar instability, and treatment protocols considering patient age structure, instability characteristics, and
functional demands.

Results. A qualitatively new stage in the reconstructive and restorative surgery of patellar instability is
the in-depth examination of patients to determine the extent of damage to the medial retinaculum and
the presence of dysplastic changes in anatomical structures that provide normal biomechanics of the knee
extensor apparatus. A strictly individual approach to the selection of surgical treatment methods considering
risk factors contributing to the development of chronic patellar instability becomes of particular importance.
Conclusion. Precise restoration of the medial patellofemoral ligament, supplemented by the correction of
identified dysplastic changes in anatomical formations of the knee joint area, allows for better functional
outcomes in patients with acute and chronic patellar instability.
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CoBpeMeHHble NOAX0Abl K AUArHOCTUKE U JIeYEeHUI0 HeCTabunbHOCTU
HaAKONEeHHUKA: 0630p nuTepaTypbl
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Pedepar

AxmyanbHocms. HecTaGMIbHOCTb HAJKOMEHHMKA — OJHA M3 Hauboslee YacTO BCTPEYAIOIIMXCS TATOMOTMIA
OIOPHO-IBUTATEIbHOIO allllapaTa, HaG/IomaioIascs MpeuMyIlecTBeHHO Y (PU3MUYeCKM aKTUBHBIX MOJIOIBIX
JIIofeit, KoTopas 3aHMMaeT TPeThe MeCTO B CTPYKTYpe MOBPeKIeHMIT 06/1acTi KOJIEHHOTO CYCTaBa Iocjie TPaBM
repeHei KpecToo6pa3HoOI CBA3KM M MEHVCKOB.

Ilens 0630pa — Ha OCHOBAHMM aHaIM3a JaHHBIX JUTEPATyphl IIPEICTaBUTh COBpeMeHHbIe B3IJISIAbI Ha Iua-
THOCTMUKY, IPUHIIUIIBI M METOAMKM XUPYPIUUECKOTO JIeUeHMs MMal[ieHTOB C HeCTabMIbHOCThIO HAIKOJIEHHUKA.
Mamepuan u memoodst. ITouck MyOGIMKaIIMii OCYIIeCcTBISICS B 6a3ax maHHbIX PubMed/MedLine n eLIBRARY.
Bcero 6but0 HajimeHo 112 MHOCTpaHHBIX CTaTei, OMy6IMKOBAHHBIX B repuom ¢ 1984 mo 2023 r., u 12 oTeve-
CTBeHHbIX Iy6nmKanmii 3a 2011-2022 rr. B Xome aHanm3a myoaMKaluii 6bI10 0TO6paHo 68 cTaTeid, Iysh KOTOPBIX
OBLIM JOCTYITHBI ITOJTHbIE TEKCTHI UM pedepatsl, comepsKallye TOCTaTOUYHYI0 MHGOPMALMIO IT0 MeTofaM aya-
THOCTMKY ¥ HauboJiee YacTo IPUMEeHSeMbIM CTAHIAPTHBIM M MOAUMUIIMPOBAHHBIM CIIOCO6AM XUPYPIUUECKOii
KOppPeKIM HecTabMIbHOCTY HAAKOJIEHHMKA, a TaKKe MPOTOKOJbI JeUeHUs pacCMaTpUBAeMOii TaTOMOTUM C
YU4eTOM XapaKTepa HeCTabMIbHOCTH, BO3PACTHO CTPYKTYPhI M GYHKIIMOHAIbHBIX 3aTIPOCOB MallEHTOB.
Pesynomamui. KauecTBEHHO HOBBIM 3TaIllOM Pa3BUTHUS PEKOHCTPYKTMBHO-BOCCTAHOBUTENbHOM XUPYPIUM He-
CTaOMIBHOCTY HAJKOJMIEHHMKA SIBJISIETCS YITy6/IeHHOe 06¢c/eqoBaHMe MOCTpaJaBIInX C ONpeneieHeM CTeleHn
TIOBpEXKIEeHNUIT MeIMaTbHOTO PETUHAKY/IIOMA U OUCIUIACTUYECKUX M3MEeHeHNU T aHaTOMUYECKUX CTPYKTYp, obe-
CIIeYMBAIOIIMX HOPMAaJIbHYIO 6MIOMeXaHMKY pasrubaTeIbHOrOo amapara KoJIeHHOTo cyctaBa. Ocoboe 3HaUeHme
MpMoOpeTaeT CTPOTO UHAMBUAYAIbHbINM MMOAXO K BBIGOPY METOIA XMPYPIrUUECKOTO JeUeHMs C yIeTOM (aKTo-
POB pMCKa, CIOCOGCTBYIONIMX PA3BUTUIO XPOHMUECKOI HECTaOMIbHOCTY HaJKOJIEeHHMKA.

3axntouenue. TIpeli3MOHHOE BOCCTAHOB/IEHME MeIMaIbHO MaTesio-heMopaabHOM CBSI3KM, TOTIOTHEHHOE 110
TTOKa3aHMSIM KOppeKI[Meii BhISIBJIEHHBIX AUCIIACTUYECKMX M3MEHEeHMIT aHaTOMUYeCKMX 06pa3oBaHmii o6macTu
KOJIEHHOTO CYCTaBa, [O3BOJISIET MOMYUUTD JIyulie GyHKIMOHATbHbIE Pe3YIbTAThl Y OOJBHBIX C OCTPOIi U XPO-
HMYECKOii HeCTaOMIbHOCTbIO HaJKOIEHHMKA.

KiioueBble CJIOBa: BbIBMX HAIKOJEHHNKA, HECTAOMIBHOCTh HAAKOMEHHMKA, PEKOHCTPYKIINS MeauaabHOI Ia-
TeJu10-(peMopasbHOM CBSI3KM, AUCIIIa3ys 6;10Ka 6eApeHHO KOCTH.
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BACKGROUND

Patellar instability is one of the most common pa-
thologies of the musculoskeletal system, primar-
ily observed in physically active young individu-
als [1]. It ranks third in the incidence of knee joint
injuries after meniscal tears and anterior cruciate
ligament ruptures, accounting for 3.3% [2].

Primary patellar dislocation mostly occurs as
a result of acute trauma. According to M. Moiz
et al., conservative treatment of traumatic pa-
tellar dislocations leads to the development of
chronic instability in one-third of the affected
patients (31%) [3]. A study by R.A. Magnussen
et al. showed that only 26.4% of patients regain
knee joint function to the level of their previous
physical activity after conservative treatment [4].
L.S. Huntington et al. confirmed that conserva-
tive treatment of primary patellar dislocations
is accompanied by recurrence of instability in
33.6% of cases, significantly affecting the pa-
tients' quality of life [5]. E.E. Salonen et al. dem-
onstrated that chronic patellar instability is as-
sociated with a high risk of early development of
patellofemoral joint osteoarthritis due to con-
stant cartilage trauma in the patellar joint and
the femoral block [6]. A.K. Orletsky et al. reported
a lower risk of patellar dislocation recurrence af-
ter operative treatment compared to conserva-
tive treatment, but a higher risk of developing
osteoarthritis of the patellofemoral joint follow-
ing surgery [7].

Currently, the question of selecting indica-
tions for operative treatment in patients with pri-
mary patellar dislocation remains debatable. In
the last decade, special attention has been given
to the biomechanical aspect of instability devel-
opment [8]. The conducted studies have demon-
strated that anatomical features of the knee joint
extensor apparatus, such as tibial tuberosity dys-
plasia, lateralization of the tibial tuberosity, high
patellar position, excessive femoral anteversion,
and torsion of the tibia, significantly influence
the biomechanics of the patellofemoral joint.
These factors should be taken into account when
choosing treatment strategies for both acute and
chronic instability [9, 10, 11, 12].

The aim of this review is to present contem-
porary views on the diagnosis, principles, and
surgical treatment techniques for patients with
patellar instability based on an analysis of the
literature.

METHODS

The search for publications was conducted in
the PubMed/MedLine and eLIBRARY databases.
The search keywords and phrases included: pa-
tellar dislocation, patellar instability, medial
patellofemoral ligament, tibial tuberosity dys-
plasia, medial patellar retinaculum, tibial tuber-
cle, trochleoplasty, patellar instability, recurrent
patellar instability, patellar dislocation, medial
patellofemoral ligament reconstruction, MPFL,
tibial tubercle osteotomy, trochlear dysplasia,
femoral osteotomy, trochleoplasty.

A total of 112 foreign articles published from
1984 to 2023 and 12 domestic publications from
2011 to 2022 were found. During the analysis of
the publications, 68 articles with full texts or ab-
stracts containing sufficient information about
diagnostic methods, commonly used standard
and modified surgical correction techniques for
patellar instability, as well as treatment protocols
considering patient age, type of instability, and
functional demands were selected.

RESULTS

Diagnostic features

The diagnosis of patellar instability, in addition
to clinical examination, is based on determin-
ing numerous indicators that characterize the
individual anatomical features of the knee joint
extensor apparatus. The characteristics of the
morphology of the femoral block and patella, the
height of the patella relative to the femur, and
the lateralization of the tibial tuberosity are the
main interrelated signs that define the diagnosis
of "patellar instability." In addition to their di-
agnostic value, indicators such as the tibial tu-
berosity-trochlear groove distance (TT-TG), the
angle of the femoral trochlear groove, and the
height ratios of the patella and the type of femo-
ral block structure assist in choosing the surgical
treatment approach [13].

Assessment of patella height

The most straightforward and surgically cor-
rectable anatomical anomaly of the knee joint is
the high patella position relative to the femoral
block. The higher the patella is positioned, the
greater the flexion angle at which it engages with
the femoral trochlear groove, and the less sta-
ble the patella becomes. According to Ch. Huber
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et al., if the patella fails to engage with the
trochlear groove at a flexion angle greater
than 30°, it indicates a potentially high risk of
instability [14]. Usually, the assessment of patel-
la height is performed using a lateral radiograph
of the knee joint at a 30° flexion position [9, 15].

According to most authors, the Caton-
Deschamps index is the most informative, with
a normal range of 0.6-1.3 [13, 14, 15] (Fig. 1).
R. Neyret et al. found this anomaly in 48% of
patients with patellar instability and only 12%
of individuals in the control group without a his-
tory of patellar dislocation [16].

Different opinions on the magnitude of the
Caton-Deschamps index can be found in the li-
terature. An index range of 1.2-1.3 is considered
mild, while 1.3-1.4 is considered severe. Until
now, most authors have followed the recommen-
dations of H. Dejour et al. and performed surgical
correction when the index exceeds 1.2 [9]. In the
last decade, publications have emerged suggest-
ing that surgery is indicated when the index is
above 1.4 or 1.3 [13, 17, 18]. However, the patella
height index alone, increased to 1.2 or even 1.3,
is not a direct indication for surgical correction

CDI = HA/AT

Fig. 1. Calculation of the Caton-Deschamps index:
AT — line connecting the lower edge of the patellar
articular facet to the anterior edge of the tibial
plateau; HA — line corresponding to the articular
surface of the patella; CDI — Caton-Deschamps
index, the ratio of the length of the AT line to the
HA line

since patella lowering in cases of instability is
rarely considered as an isolated procedure and is
usually performed in combination with correc-
tion of other extensor apparatus anomalies that
can affect this indicator's change.

Lateralization of the tibial tuberosity

The distance from the center of the femoral block
to the attachment site of the patellar ligament
on the tibial tuberosity in the frontal plane sig-
nificantly influences the magnitude of lateral-
izing forces on the patella during flexion-exten-
sion movements of the knee joint. Lateralization
of the tibial tuberosity is an external, easily de-
tectable sign of excessive rotation of the proximal
portion of the tibial tuberosity. This anomaly has
long been known, but it was only with the wide-
spread clinical use of CT and MRI that precise
measurements and discussions of the quantitative
aspect of this indicator became possible. These
measurements are performed on axial MRI and CT
scans and are referred to as the TT-TG (tibial tu-
bercle-trochlear groove) distance or index. A com-
monly accepted indication for surgical correction
is a distance of 20 mm or more [19] (Fig. 2).

Fig. 2. Scheme for calculating the TT-TG index in

the axial plane: AB — tangent line to the femoral
condyles; CD — perpendicular from the center of the
tibial tuberosity to the line of the femoral condyles;
EF — perpendicular from the center of the articular
surface of the femoral block to the line of the femoral
condyles; GH — distance between the center of the
articular surface of the femoral block and the center
of the tibial tuberosity
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According to S. Tan et al., the measurement of
the TT-TG index significantly differs between CT
and MRI. Their analysis showed that for the same
patients with patellar instability, the average
index measured on MRI was 15.3 mm, while on
CT, it was 18.3 mm. However, measurements per-
formed on CT are considered more reliable [20].

Objective measurement of the TT-TG distance
is an important step in diagnosing and planning
the surgical correction of patellar instability.
However, this method presents significant chal-
lenges in cases of block dysplasia, especially type
D, when determining the position of the tibial tu-
bercle on its flat or asymmetrically convex surface.

To improve the accuracy of this measurement,
G. Seitlinger et al. proposed using the attach-
ment point of the posterior cruciate ligament on
the lateral wall of the medial femoral condyle as a
more constant reference point on the distal fem-
oral epiphysis, which is independent of the de-
gree of block dysplasia. They named this indica-
tor the TT-PCL (tibial tubercle-posterior cruciate
ligament) index and established its upper normal
limit at 24 mm [21].

Z. Xu et al. recommended a different modifi-
cation of this indicator, replacing the point of the
trochlear groove with a point located at the apex
of the "Roman arch" on the posterior surface of
the intercondylar fossa of the femur. This yields
the TT-RA index, with a normal value of less than
26 mm [22].

A comparative analysis conducted by T.J. Kim
et al. found that the accuracy of calculations for
the TT-TG and TT-PCL indices is influenced by the
consideration of femoral anteversion, medializa-
tion of the intercondylar groove, and the specific
anatomical structure of the proximal tibial tuber-
osity, which is not always taken into account in
their determination. The authors noted that the
parameters of the TT-RA index are not affected
by anatomical variations of the tibial tuberosity,
thereby minimizing the margin of error, and this
method can be an alternative for assessing later-
alization of the tibial tuberosity, especially when
TT-TG measurement is inconclusive [23]. However,
Z.Xu et al. argue that, compared to other parame-

ters, the TT-TG distance still has the greatest diag-
nostic value when considering all the anatomical
features of the knee joint extensor apparatus [24].

Diagnosis of types of femoral block
dysplasia

The most important and commonly observed
manifestation of knee joint dysplasia, which pre-
disposes to patellar instability and creates diffi-
culties in its correction, is the anomalous shape
of the articular surface of the femoral block. This
pathology is specifically understood as "knee
joint dysplasia" in the narrow sense. The diag-
nosis of this anatomical feature is based on the
analysis of knee joint X-rays in the strictly lateral
projection [9, 16, 25, 26] (Fig. 3).

In 2010, D. Dejour and P. Saggin proposed a
classification of femoral block dysplasia, which is
an improved version of N. Dejour's classification
and forms the basis of modern surgical treatment
schemes for patients with patellar instability.
The classification identifies four main types of
block dysplasia, characterized by deformations of
its articular surface [27] (Fig. 4).

S i

Fig. 3. X-ray of the knee with signs of trochlear
dysplasia in the lateral projection:

blue line — «crossing sign», representing the
deepest point of the trochlear groove crossing the
anterior border of the femoral condyles; red line

— «supratrochlear spur», the prominence of the
trochlea on the anterior side of the femoral cortex;
green line — «double contour», hypoplastic medial
facet located behind the lateral facet
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Type C

Fig. 4. D. Dejour classification of trochlear dysplasia

Type D

In practice, D. Dejour's classification places
the main emphasis on the analysis of tomograms
in the axial plane, which can be easily obtained
during standard CT or MRI scans, unlike X-rays
in the strictly lateral projection. However, these
tomograms do not have such clear quantitative
criteria, making it difficult to objectively analyze
the results of surgical patellar stabilization. The
presence of severe dysplasia types B, C, and D
complicates the surgical correction of patellar in-
stability due to the pathological biomechanics in
the femoral-patellar joint of the knee [28, 29, 30].

The severity of the dysplasia type also influ-
ences the condition of the patellar cartilage.
Progressive hypoplasia of the lateral femoral
condyle, together with the incompetence of the
medial retinaculum, leads to more pronounced
traumatic damage to the patellar articular facet
and, consequently, the development of early pa-
tellofemoral arthritis [31].

Risk factors and specifics of surgical
correction

Restoration of the Medial Patellofemoral
Ligament (MPFL)

The leading anatomical factor contributing to
the development of chronic patellar instabil-
ity is the functional insufficiency of the medial
patellofemoral ligament (MPFL), which provides
more than 60% resistance against lateral dislo-
cation of the patella during stress loads within
a limited range of knee joint motion. Currently,

the restoration of the MPFL, which contributes to
the elimination of frontal patellar instability, is
the goal of surgical treatment for this condition
[32, 33, 34].

According to anatomical and biomechanical
studies, the knee joint's medial retinaculum, in
addition to the MPFL, has another capsular liga-
ment called the medial patellotibial ligament
(MPTL). The MPTL acts as an auxiliary static sta-
bilizer of the patella when the leg is flexed be-
yond 30°, where the influence of the MPFL physi-
ologically weakens. Combined reconstruction of
these two ligaments is considered an option for
additional reinforcement during MPFL restora-
tion in cases of increased risk of patellar insta-
bility recurrence, caused by high patellar posi-
tioning and abnormal lateralization of the tibial
tubercle, and as an alternative to tibial tubercle
transposition [35, 36, 37].

Anatomical ligament reconstruction has an
undeniable priority over primary suture or local
tissue plastic repair [38, 39, 40]. The success lies
in the anatomical placement of the graft [39].
The key aspect of the reconstruction is the cor-
rect selection of the fixation point on the medial
surface of the medial femoral condyle, located in
the posterior-upper segment of the area where
the damaged native ligament was attached.
Such positioning, while maintaining normal
knee joint range of motion, results in less than
4% change in graft length. The resulting graft
anisometry ensures proper biomechanics and
reliable stabilization of the patella at its most
vulnerable position during the initial flexion of
the leg, when the graft experiences maximum
traction forces, serving as the only structure
preventing lateral dislocation until it enters the
femoral trochlear groove [15, 38]. Typical ana-
tomical anomalies of the knee joint, based on its
dysplasia, as well as incorrect placement of the
fixation point on the femoral condyle, hinder
the proper functioning of the graft and greatly
increase the load on it, creating conditions for
the formation of persistent contractures and re-
current instability.

Currently, the Schottle method is used for in-
traoperative X-ray video control to determine
the fixation point of the graft in the area of the
medial femoral condyle. This technique signifi-
cantly improves accuracy, reduces invasiveness,
and shortens the operation time [41] (Fig. 5).
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Fig. 5. Scheme of tunnel formation for fixation
of the MPFL graft in the femoral condyle:

A — satisfactory tunnel positioning;

B — correct tunnel location

For severe degrees of femoral block dysplasia
(Types C and D according to D. Dejour), the use of
X-ray methods may alter the spatial positioning
of landmarks and lead to serious errors in calcu-
lations. To avoid this, it is advisable to combine
radiographic and traditional anatomical land-
marks, complementing them with a functional
test aimed at evaluating the tension of the MPFL
graft at different angles of knee joint flexion [30].

Meticulous calculations for the correct selec-
tion of the graft fixation point in the femoral
tunnel, which make up the majority of techni-
cal errors in MPFL reconstructions, can result in
changes in graft tension in different knee joint
positions and anomalies in the patellar motion
trajectory [34]. Typical deviations from the ana-
tomical attachment point of the MPFL on the
medial femoral condyle (Schottle point) proxi-
mally and anteriorly during flexion beyond 50-
60° lead to significant graft tension and the
formation of persistent extension contracture.
During rehabilitation, with the forced restoration
of motion amplitude through aggressive physical
therapy, chondromalacia of the patella and femo-
ral trochlea can occur, ultimately leading to graft
damage, plastic elongation, or complete rupture
with recurrent instability [39, 42, 43]. According
to Th. Neri et al., errors in femoral tunnel place-
ment during MPFL reconstructions can reach up
to 33% [44].

The anatomical fixation of the graft on the
proximal half of the medial border of the patella
restores its ability to simultaneously act on the
quadriceps tendon. There are two main methods
of fixation: placing the graft in bony tunnels or
in a bone trough along the edge of the patella,
secured with interference screws, anchors, or
transosseous sutures. The main requirements
in this regard are the strength of graft fixation
in the early postoperative period and minimiz-
ing the risk of fractures of the patella at the tun-
nel sites in the future [35]. V.A. Raoulis et al. did
not find significant differences among the three
aforementioned methods of graft fixation in the
patellar area, although the use of interference
screws showed a higher degree of graft fixation
stiffness, and patients reported less pronounced
pain in the anterior aspect of the knee joint when
using anchor or suture-button fixators [45].

Failures in restoring the proper trajectory of
patellar motion during MPFL reconstruction can
also be associated with excessive graft tension,
leading to medial subluxation. In most cases, the
occurrence of this complication is provoked by
an extensive release of the lateral retinaculum
with resection of the lateral patellofemoral liga-
ment and detachment of a portion of the lateral
quadriceps tendon [46]. In cases of isolated MPFL
reconstruction, it is generally recommended to
avoid this procedure. If it is not possible to avoid
lateral release due to persistent contracture of
the lateral retinaculum, it is advisable to perform
an elongation plasty of the lateral patellofemoral
ligament rather than simple resection [47, 48].

The stability and normal kinematics of the
patella are the result of the complex interaction
between muscles, the capsuloligamentous appa-
ratus, normal bone geometry of the femorotibial
joint surfaces, and a stable supportive limb bal-
ance. However, a significant factor that influenc-
es the outcomes of patellar instability treatment,
even with impeccable MPFL reconstruction, is
the frequently encountered anatomical anomaly
of the femoral block and the knee extensor appa-
ratus, which have a dysplastic nature [49].

Currently, it is widely accepted that anatomi-
cal MPFL reconstruction generally leads to good
anatomical and functional results with a rela-
tively low rate of complications, especially for
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patients with low functional demands [18, 29, 50,
51, 52]. However, the outcomes of such surgeries
largely depend on the correct positioning of the
graft and, most importantly, on risk factors as-
sociated with anatomical anomalies of dysplastic
origin. Several authors note that without consid-
ering these factors, simple isolated MPFL recon-
struction provides acceptable restoration of knee
joint function in less than 40% of cases, with a
recurrence rate of patellar instability ranging
from 30% to 35% [43, 49, 53, 54]. M.]. Feucht et
al. reported that after isolated MPFL reconstruc-
tion, the main complications leading to revision
surgery were recurrent instability (35.6%) and
persistent joint contracture (22.2%) [55].

Bone plastic surgeries

In 1994, N. Dejour et al. identified four risk fac-
tors for the development of patellar instability:
femoral trochlear dysplasia, quadriceps dysplasia
with a lateral tilt of the patella greater than 20°, a
high-riding patella with a Caton-Deschamps in-
dex greater than 1.2, and excessive lateralization
of the tibial tubercle with a TT-TG index greater
than 20 mm. They classified femoral trochlear
dysplasia based on lateral radiographic signs,
including "crossing sign," "trochlear spur,” which
protrudes more than 3 mm above the anterior
surface of the femoral diaphysis, and shallow
trochlear groove with a depth reduction of 4 mm
or more (see Figure 3). They also associated ana-
tomical anomalies predisposing to lateral patel-
lar instability with changes in the rotational pro-
file of the lower limbs, such as excessive internal
rotation of the femoral condyles more than 25°
and external torsion of the tibia more than 35°
[8,9, 28, 56].

The complexity of assessing the degree of vari-
ous dysplastic manifestations in the structures of
the knee extensor apparatus and their impact on
surgical outcomes arises from the fact that some
authors consider Type A dysplasia as pathology,
while others classify it as a borderline condition
or even a conditional norm. R.N. Steensen et al.
found that dysplastic anomalies of the knee joint
were present in 58.3% of patients with patellar
instability, compared to only 1.7% in the control
group. Femoral trochlear dysplasia was observed
in 68.3% of patients and 5.8% of individuals in
the control group, high-riding patella in 60% and
20.8%, and increased TT-TG distance in 42% and

3.2%, respectively. They emphasized the signifi-
cance of spatial deformations of the lower limb
at the knee joint level in the frontal plane (val-
gus deviation of the tibia) and horizontal plane
(internal torsion of the femur, external torsion of
the tibia) [57].

Some authors note that typically, patients
present a combination of these two types of ana-
tomical lower limb changes, and an increased
TT-TG index, pronounced valgus deformity of the
lower limb, and dysplasia of types B, C, and D cor-
relate with an increased risk of "hidden" torsional
deformations of the limb [55, 58].

Correction of lateralization of the tibial
tubercle

Surgical treatment of patients with an increased
TT-TG index involves its reduction through me-
dial transposition of the tibial tubercle along
with the attachment site of the patellar ligament,
according to the Elmslie-Trillat procedure [59]
(see Figure 6).

Fig. 6. Scheme of medializing transposition of the
tibial tuberosity according to Elmslie-Trillat

The technical simplicity and biomechanical
effect of tibial tubercle transposition in cases of
increased TT-TG index in correcting dysplastic
patellar instability explain the popularity of this
versatile surgical method in modern comprehen-
sive treatment of this pathology. C.E. Franciozi et
al. suggest that in addition to MPFL reconstruc-
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tion, medialization or anteromedialization of the
tibial tubercle according to Fulkerson should be
performed when the TT-TG index exceeds 17 mm,
achieving a tubercle position of 10-12 mm [60].

Usually, not only medialization but also me-
dialization with distalization is performed, as
excessive lateralization of the tubercle is often
associated with a high-riding patella. In the con-
text of pronounced dysplasia of types B, C, and
D, the possibility of accompanying rotational
and frontal deformations at the knee joint level,
which can influence the true value of the TT-TG
index, should be considered [48]. According to L.
Jud et al., during high tibial tubercle derotational
osteotomy, each degree of internal detorsion is
accompanied by a decrease in the TT-TG index by
0.68 mm [61].

It is believed that additional surgical proce-
dures, primarily tibial tubercle transposition, in-
crease the duration of the rehabilitation period
and may impact the final outcomes [39]. One
challenging combination for choosing the surgi-
cal treatment approach is type D dysplasia com-
bined with a TT-TG index greater than 20 mm
[62]. L. Hiemstra et al. explain the increased risk
of recurrence associated with type B and espe-
cially type D dysplasias, characterized by a pro-
nounced trochlear bump exceeding 5 mm [63]. In
such cases, trochleoplasty is recommended, and
an alternative option is medialization-distaliza-
tion transposition of the tibial tubercle, which al-
lows restoring the anatomical and biomechanical
relationship between the patella and the femoral
trochlea without directly correcting the femur
[30, 64] (see Figure 7).

[ . .| ‘\\\‘\‘\“‘“[ i,

Fig. 7. Scheme of distalization and medialization
of the tibial tuberosity (DMTT)

Correction of femoral bone anatomical
changes

Data on the frequency of femoral trochlear dys-
plasia of different types are quite inconsistent,
which is likely due to the subjective nature of
their assessment. According to several authors,
through detailed CT and MRI examinations, fem-
oral trochlear dysplasia is detected in 65-85%
of patients with symptomatic patellar instabil-
ity and in 2-10% of individuals in control groups
[5, 16]. A study by ]J.N. Liu et al. showed that 92%
of patients undergoing surgery for patellar in-
stability exhibited signs of trochlear dysplasia,
including type A (8%), B (23%), C (26%), and D
(43%) [50]. In 2020, a group of authors from the
Technical University of Munich reported that all
examined patients with patellar instability (151
patients) had anatomical signs of trochlear dys-
plasia. Mild type A dysplasia was observed in 33%
of cases, while severe dysplasia of types B, C, and
D was present in 67% [58].

According to A. Geierlehner et al., the major-
ity of orthopedic surgeons, including those spe-
cializing in general reconstructive knee surgery,
avoid patients with complex dysplastic anoma-
lies or limit their treatment to a set of simpler
and typical procedures such as MPFL reconstruc-
tion combined with lateral retinaculum length-
ening and tibial tubercle transposition [51].

Modern pathogenetically justified surgi-
cal treatment of trochlear dysplasia involves
a subchondral reconstruction of the deepened
femoral trochlea (trochleoplasty), which is tech-
nically complex and invasive, thus having limited
indications primarily for severe dysplasia (types
B and D) with an abnormal trajectory of the un-
stable patella. Therefore, in practice, these pro-
cedures are mostly indicated for severe dysplasia,
especially in revision stabilizations of the knee
joints. The main goal of such surgeries is the re-
section of the wedge-shaped prominence char-
acteristic of the most severe form of trochlear
dysplasia (type D), resulting in the formation of
an anatomically concave surface that normalizes
the patellar trajectory and stabilizes the patella
[28, 64, 65] (see Figure 8).
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Fig. 8. Scheme of trochleoplasty according
to D. Dejour (2010)

According to several authors, for patients with
patellar instability rarely accompanied by sig-
nificant femoral trochlear dysplasia, it is more
reasonable to limit the treatment to MPFL recon-
struction combined with tibial tubercle transpo-
sition. In cases of pronounced valgus deformity
of the limb at the knee joint level, varus osteot-
omy of the femur or derotational osteotomy may
be performed. In cases of rigid lateral retinacu-
lum, this combination can be supplemented with
lengthening plastic surgery of the lateral patel-
lofemoral ligament, eliminating rotational stress
on the extensor apparatus of the knee joint. If
this condition is not feasible, additional external
fixation of the patella with a special brace can be
considered [66, 67, 68].

S. Zaffagnini et al. also note that performing
unjustified trochleoplasty in cases of relatively
simple dysplasia types A and C does not lead to
a significant reduction in the recurrence of in-
stability. For such patients, traditional MPFL
reconstruction, either in isolation or combined
with tibial tubercle transposition, is appropri-
ate. However, for severe forms of dysplasia (types
B and D), a combination of trochleoplasty with
MPFL reconstruction contributes to real im-
provements in outcomes in both revision and
primary surgeries [66].

CONCLUSION

The foundation of modern organ-preserving
surgery for patellar instability, regardless of the
timing of the procedure, lies in an individualized
approach to selecting the method and extent of
intervention. In all cases, the restoration of the
integrity of the MPFL as a key element of the me-
dial retinaculum is mandatory. The indications
for additional correction of anatomical features
of the extensor apparatus of the joint are deter-

mined by the degree of dysplasia and associated
biomechanical abnormalities, patient age, and
functional demands.
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