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ABSTRACT

BACKGROUND: The high frequency and recurrence of chronic patellar instability and the lack of unified treatment techniques
indicate the need for a comprehensive individualized approach in the diagnosis and surgical treatment of patellar instability.
AIM: To develop an algorithm and compare the anatomical and functional results of its use with those of traditional surgical
treatment of patients with patellar instability.

MATERIALS AND METHODS: The functional results of the treatment of 194 patients with patellar instability were compared.
Two groups of patients were formed. The surgical treatment techniques of the main group (n = 93) were based on the results
of the preoperative examination, considering risk factors of instability development, established as a result of retrospective
analysis of the control group (n = 101). The effectiveness of the algorithm was compared with the techniques of patellar
stabilization used from 2010 to 2015. The Kujala, IKDC 2000, and Lysholm scales were used to assess the functional results
of treatment.

RESULTS: Surgical treatment of instability aims to eliminate risk factors such as anomalies of the extensor apparatus of
the knee joint and to repair or reconstruct damaged structures. Plasty of the medial patellofemoral ligament is the method
of choice for patellar stabilization. In the case of dysplastic changes in the patellofemoral joint, combinations of proximal
and distal knee joint surgeries were performed. Rotational lower-limb deformities were treated by corrective derotational
osteotomy of the femur. Trochleoplasty was performed in cases of type B or D femoral block dysplasia. Patients with stiff
lateral patellar retention underwent lateral release or extension tenotomy. In both groups, the functional status of the patients
significantly (p < 0.05) improved 12 months postoperatively. The mean values of the functional scales increased because of
the increased number of patients with excellent and good scores in the group. Higher values were recorded in the main group
(Kujala, p = 0.038; IKDC 2000, p = 0.021; Lysholm, p = 0.032). Patellar dislocation recurred in 2 (1.9%) patients in the control
group (p = 0.172).

CONCLUSIONS: The proposed algorithm helped verify the degree, type, and etiology of patellar instability and helped obtain
better anatomofunctional treatment results in patients.

Keywords: knee joint; patellar instability; medial patellofemoral ligament plastic surgery; femoral trochlear dysplasia; troch-
leoplasty; osteotomy of the tibial tuberosity.
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CoBeplueHCTBOBaHUE XMPYPru4ecKoro Jie4eHus
NauueHToB C HeCTabUNbHOCTbIO HAAKONIEHHUKA

B.B. Xomuneu, [1.A. KoHokotuH, A.0. ®eportos, A.C. [paHkuH, A.C. BopobbeB

BoeHHo-MeanumHcKan akapemus uMenu C.M. Kuposa, CaHkT-Iletepbypr, Poccus

AHHOTALMA

06ocHoeaHue. Bbicokas 4acToTa peuuamBOB U XPOHUYECKOW HeCTabUNbHOCTU HAAKONEHHUKA, OTCYTCTBUE eAMHONM TaKTUKM
NleYeHmns YKa3bIBakT Ha HE0OXOAMMOCTb KOMMIEKCHOO MHAMBMAYANbHOMO NOAX0AA B AMArHOCTUKE U XMPYPTUYECKOM JIEYEHUM
paccMmaTpuBaeMoii natonorum.

Llesme — paspaboraTb anropUt™ 1 CPaBHUTL aHATOMO-(YHKLMOHAbHbIE Pe3ynbTaTbl €70 MPUMEHEHUS C TPAAWLIMOHHOM TaK-
TUKOW XMPYPrUYECKOro JIEYEHNUS MALMEHTOB C HECTaBUIbHOCTBI0 HAAKONEHHMKA.

Mamepuanel u Memodei. MNpoBefeHo cpaBHeHWe QYHKLMOHANBHBIX Pe3y/bTaToB neyeHus 194 naumMeHToB ¢ HECTabMIBHOCTbIO
HapkoneHHuKa. CopMmupoBaHbl ABe rpynmbl. TaKTUKa XMPYPrUYECKOr0 NEYEHUS OCHOBHOW rpynnbl (n = 93) ocHoBbIBanach
Ha pe3ynbTatax npeAonepaunoHHOro 0bcnenoBaHms, yuUTbIBatOLLEr0 GaKTopbl PUCKA PasBUTUS HECTabUNbHOCTH, YCTaHOB-
NeHHble B pe3ynbTaTe PeTPOCMEKTUBHOM aHanu3a KoHTponbHoW rpynnbl (n = 101). ddeKTMBHOCTL anropUt™a cpaBHUBaNM
€ 30 $eKTUBHOCTLI0 METOAMK CTabMM3aLmMm HagKoneHHUKa, npuMensasLumxcs ¢ 2010 no 2015 r. [ina oLeHKM QyHKUMOHANBHBIX
pe3ynbTaToB JieYeHNs MaLuMeHToB ucnonb3oBany Wranbl Kujala, IKDC 2000 u Lysholm.

Pesynemamesl. OCHOBY XMpYPru4eCKOro NIeYeHUs HECTabMIBHOCTW COCTaBNSAET YCTPaHeHWe Mpefpacnonarallwmx paxkTopos
B BME aHOManuii pasBuTUA pasrubaTenbHOro annapara KOMEHHOro CYCTaBa M BOCCTAHOBNEHWE WM PEKOHCTPYKUMA Mo-
BPEXAEHHBIX CTPYKTYp. nacTvka MeamanbHOM HaKONEHHUKO-DeapeHHOM CBA3KM — MeTof, Bbibopa npu cTabunusauum
HagKoneHHWKa. Mpy AUCNNacTUYeCKUX U3MEHEHUSX B BefpeHHO-HaKONEHHUKOBOM COYleHeHUW npuberanu K KoMbuHaumm
onepauuii Ha MPOKCUMANbHOM U AMCTaNbHOM OTZEeNax KONEHHOro cycTaBa. PoTaumoHHble AedopMaLmMm HUKHEN KOHEYHOCTH
YCTPaHANM NyTeM KOpPUrMpyIoLLEN LepoTaLMOHHON 0cTeoToMUM BefpeHHOI KocTU. TpoxX/eonnacTuKy BhIMOAHANM NpyU Auc-
nnasuv 6noka beppeHHon Koctn TMna B unm D. TNpu puruaHoM natepantbHoM ynepxuvBatene HafKoMeHHUKA NPOBOAWIN €ro
natepanbHblii Penn3 UM YoJIMHSIOLLYH TEHOTOMMIO.

OyHKUMOHaNbHOe COCTOsHME NauueHToB 3HaunuMo (p < 0,05) ynyuwmnock yepes 12 Mec. nocne onepaumm B 0benx rpynnax.
CpenHve 3HayeHuss BYHKUMOHANBHBIX LUKaN BO3POC/M 3a CYET YBEIMYEHUS OT/IMYHBIX M XOPOLLMX Pe3yrbTaToB B OCHOB-
Hoit rpynne. bonee BbiCOKMe 3HaueHus 3aduKcupoBaHbl B ocHoBHoi rpynne (p = 0,038 no Kujala, p = 0,021 no IKDC 2000,
p =0,032 no Lysholm). Peunaue BbiBUXa HapKoneHHUKa npousowlen Tonbko Y 2 (1,9 %) naumeHToB KOHTPONLHOW Fpynmbl
(p=10,172).

3akntoyenue. MNpeanoxeHHbI anroput™M obecneunBaeT BepUGBMKALMIO CTENEHM, BUAE, STUONMOMMW HECTAOMIBHOCTM HaaKo-
NIeHHMKa W NOMOTraeT NojlyYuTb JyuLlnMe aHATOMO-YHKLMOHANbHbIE Pe3ynbTaThbl eYEHMs.

KntoueBble cnoBa: KONMEHHbIN CyCTaB; HECTAOWIbHOCTb HA[KONEHHWUKA; MNAcTUKa MeAUabHON HaJKONEHHUKO-0eApeHHOM
CBAI3KM; aucnnasvsa bnoka beapeHHoI KOCTH; TPOXNeOonacTuKa; octeotoMus byrpuctocTu 6onbLuebepLoBon KOCTH.
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CLINICAL STUDIES

BACKGROUND

Patellar instability is one of the most common knee
joint pathologies in young people who play sports or lead
an active lifestyle [1]. Most cases of patellar instability are
associated with sports injury and account for >30 cases per
100,000 population per year [2, 3]. Post-traumatic instability
in the patellofemoral joint (PFJ) occurs in 20%—-80% of cases
resulting from trauma associated with dysplasia of the knee
joint and lower limb [3]. Acute instability is registered
approximately equally among boys and girls; however, chronic
instability is nearly three times more common in girls [4, 5].
Among adolescents, in >40% of cases, relapse of patellar
dislocation occurs after conservative treatment [4]. In adults,
instability resulting from primary patellar dislocation varies
depending on sex and age in the range of 6-112 cases per
100,000 people per year [2]. In 37% of cases, the cause of
dislocation is ordinary household stress.

Outward patellar dislocation occurs when the patella is
forced out of the groove of the femoral trochlea, with an am-
plitude of approximately 30° of flexion in the knee joint [6].
In the case of a dislocated patella, the medial patellofemoral
ligament (MPFL) is primarily damaged, with its complete or
partial rupture. M. Kluczynski et al. established that MPFL
damage in 37.1% of patients occurred at the site of attach-
ment to the medial patellar edge and in 36.8% in the femo-
ral area. Combined ruptures occurred in 25.1% of cases
and 15.6% in the middle third of the ligament. Most MPFL
injuries in the patellar area were detected in patients aged
<16 years (39.3%) and at the site of attachment to the medial
condyle of the femur in patients aged >16 years (47.2%) [7].
An intra-articular osteochondral fracture in the medial facet
of the patella, which occurs in 44% of dislocation cases [8],
is caused by the collision of the medial articular surface of
the patella and the lateral condyle of the femur.

Because of the multifactorial etiology of patellar in-
stability, an integrated approach is necessary to determine
the treatment approach aimed at correcting the main causes
of the pathology. The biomechanical features of the PFJ and
individual characteristics of patients that predispose them to
the development of pathology, such as dysplastic variability
of the anatomical structures of the knee joint extensor appa-
ratus, valgus deformity of the lower limb, rotational displace-
ment of the femoral condyles, external torsion of the tibia, age,
sex, and physical activity level, must be considered [9-11].

Primary patellar dislocation has traditionally been
treated conservatively, although surgical stabilization is
becoming an increasingly popular treatment of choice in
adolescents and young adults, which is associated with
a lower recurrence rate after surgery (22%) compared with
nonoperative treatment (30%-50%) [12-13]. Experts also do
not have a common view on the approach to treating chronic
patellar instability, which is mainly due to the polyetiological
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nature of the pathology and the individual preferences of
surgeons. R. Steensen et al. and S. 0'Sullivan et al. noted
that the following risk factors for recurrent instability are
indications for surgical stabilization of the patella after acute
injury: a high patellar position, lateralization of the tibial
tuberosity, trochlear dysplasia, failure of the structures
of the medial retinaculum, and a concomitant decrease in
the quality of life in patients with primary dislocation, who
received conservative treatment [9, 14].

Recently, most international researchers have pointed
out the main directions for treating patellar instability. They
can be systematized, and the leading ones can be identified,
such as prevention of redislocation and residual instability,
development of patellofemoral arthrosis, and earlier return
to intense activity and physical loads [15, 16].

More than 150 surgical interventions aimed at stabi-
lizing the patella are known. However, the variability of
the anatomical structure of the PFJ, together with dysplastic
changes in the bone structures of the lower extremities, de-
termine the need for a differentiated approach to the selec-
tion of pathogenetically based surgical treatment to obtain
better functional results, which can be achieved through
a thorough preoperative examination and identification of all
predisposing risk factors for the development of patellar in-
stability [17].

Currently, anatomical reconstruction of the MPFL, which
leads to good functional outcomes with a relatively low
incidence of complications, particularly in patients with low
functional demands, is one of the most common patellar
stabilizing surgeries. However, recent publications on this
problem have shown that the postoperative treatment
results of such patients directly depend on the correct
formation of the bone tunnels of the MPFL graft and consider
the associated risk factors for the development of patellar
instability, including anatomical anomalies of dysplastic origin,
and upon its identification, reconstruction ligaments must
be supplemented with osteoplastic surgery on the extensor
apparatus of the knee joint [18—22]. Isolated reconstruction
of the MPFL provides satisfactory restoration of knee joint
function in no more than 40% of cases, whereas the relapse
rate reaches 35% [23-26]. In addition to instability relapse,
persistent joint contracture (22.2%), which can provoke
the early development of deforming arthrosis in the PFJ, is
the main complication leading to repeated surgery [27].

The most accurate location of the fixation sites for
the MPFL graft on the proximal half of the medial patellar
edge enables the restoration of the correct anatomical
relationships of the articular surfaces in the PFJ and
establishment of the pattern of patellar movements while
influencing the oblique medial head of the quadriceps femoris
tendon, which is involved in the formation of the medial
retinaculum complex of the patella. Y. Yang et al. considered
two main methods of such fixation. In case 1, the ends of
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the graft are immersed in bone tunnels, whereas in case 2,
the graft is located in the bone groove along the medial
patellar edge. In both cases, the graft is fixed using
interference screws, anchors, or transosseous sutures [28].
V.A. Raoulis et al. compared these techniques and revealed
no significant differences in the degree of graft fixation
rigidity in the patellar area using three types of implants;
however, further clinical use of suture and anchor methods
can improve functional results by minimizing the risk of
patellar fractures at the tunnel level and reducing pain in
the anterior knee joint area postoperatively [29].

Considering these features, we proposed a method for fixing
the MPFL graft on the outer patellar edge through additional
incision and alternately tying four non-absorbable threads
together using which the ends of the graft are sutured [30].

The most important factor that influences the poor
outcomes of treating patellar instability during isolated
MPFL reconstruction is a common anatomical anomaly in
femoral trochlear development and the extensor apparatus
of the knee joint, which result in the disruption of the normal
kinematics of the patella and an imbalance of the muscles
and PFJ capsular-ligamentous apparatus [31].

For such patients, simultaneous reconstruction of
the MPFL and correction of concomitant pathology by tibial
transfer, deepening trochleoplasty, and derotational supra-
condylar osteotomies of the femur were recommended.
However, these surgeries are associated with increased risk
of postoperative contractures, stiffness, and early patello-
femoral arthrosis [32]. S. Zaffagnini et al. reported that un-
justified trochleoplasty in patients with dysplasia of femoral
trochlear types A and C according to D. Dejour did not sig-
nificantly reduce the relapse rates of instability, and in such
patients, traditional plastic surgery of the MPFL in an isolated
version or in combination with tibial transposition is recom-
mended. However, in types B and D of dysplasia, the combi-
nation of trochleoplasty with the reconstruction of the MPFL
contributes to better treatment outcomes in both revision and
primary surgeries [20].

Despite progress in treating patellar instability, accumu-
lated experience and research data to date have not enabled
reaching a consensus on the approach and scope of surgical
interventions depending on the pathology, nature, and indi-
vidual characteristics of the patient.

The presented data were used to formulate an algorithm
for choosing the surgical treatment method in patients with
patellar instability, considering the degree of damage to its
medial retinaculum and concomitant dysplastic changes
in the anatomical structures of the PFJ and lower limb as
a whole (Fig. 1).

The study aimed to develop an algorithm and compare
the anatomical and functional results of its use with
the traditional surgical treatment of patients with patellar
instability.
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MATERIALS AND METHODS

To achieve this goal, a retro- and prospective cohort non-
randomized study was performed based on a comparison of
the functional results of treatment of 194 patients with pa-
tellar instability, who were treated at the H.l. Turner Military
Traumatology and Orthopedics Clinic of the S.M. Kirov Military
Medical Academy from 2010 to 2021. The inclusion criteria
were confirmed patellar dislocation based on radiography or
magnetic resonance imaging (MRI) of the knee joint, accom-
panied by clinical manifestations. The study did not include
patients with acute or chronic instability of the knee joint,
gonarthrosis of stages Ill-IV according to the R.E. Outerbridge
classification, persistent joint contractures, and hematologi-
cal, endocrine, metabolic, and rheumatological diseases, as
well as previous knee surgery. Concomitant pathologies of
the PFJ such as patellofemoral arthrosis and lateral patel-
lar hyperpression syndrome were not a reason to exclude
patients from the study.

Depending on the surgical approach, all patients were
distributed into two groups. The main group (I) included
93 patients who underwent surgery in accordance with
the developed algorithm for choosing the surgical approach
to treating patellar instability using an improved method
of fixing the MPFL graft on the outer patellar edge [30].
The control group (Il) consisted of 101 patients in whom
the surgical approach was determined in accordance with
the approach used in the clinic until 2016. A diagnostic sani-
tation arthroscopy of the knee joint was performed with
the removal of a free intra-articular osteochondral fragment
or its refixation with plastic surgery of the medial patellar
retinaculum with local tissues. In the case of acute patellar
instability, stabilization was performed using arthroscopic
percutaneous suture of the medial retinaculum following
the Yamamoto technique. The high position of the patella,
identified with an increased Catton-Deshamps (>1.3) and
Insall-Salvati (>1.2) indices, was used as an indication for
distal correction surgeries such as medializing the trans-
position of the tibia according to Elmslie-Trilat or medi-
alizing—distalizing transfer of the tibia. In cases of rigid
lateral retinaculum, surgery was supplemented with an ar-
throscopic lateral patellar release procedure. The functional
results of the treatment of the comparison group were as-
sessed retrospectively, and the main group was examined
prospectively. All patients were of working age. Owing to
the specifics of the medical organization, men prevailed
among patients with this pathology in both groups. In ad-
dition, 157 (80.9%) of the 194 patients included in the study
were men [n = 83 (80.9%) in the main group; n =74 (73.3%)
in the control group]. The average age at the time of sur-
gery was 22.30 [20.00; 29.80] years in the main group and
22.00 [20.50; 25.30] years in the control group. Acute in-
stability was detected in 45 (48.4%) patients in the main
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group and 53 (52.4%) in the group 2. Recurrent dislocation
was noted in 9 (9.7%) and 14 (13.9%) patients, respectively.
Chronic instability was diagnosed in 39 (41.9%) subjects in
the main group and 34 (33.7%) in the comparison group.
Both groups were comparable in terms of sex, age, and
presence of clinical and instrumental signs of patellar in-
stability (p > 0.05) (Table 1).

Examination

In both groups, upon admission, all patients underwent
a general examination for the assessment of local orthopedic
status and performance of the Fairbanks functional tests
(moving patellar apprehension test) [33] and the Bassett
test [34] to confirm the PFJ pathology.

According to the Beighton criteria, joint hypermobility
syndrome was assessed by performing five movements,
namely, passive extension of the finger V by >90°, passive
pressing of finger | to the inner side of the forearm, hyper-
extension of the knee and elbow joints by >10°, and pressing
the palms to the floor with straightened legs and front bend-
ing the body [35]. Hypermobility syndrome was diagnosed
with a score of 4-9 points.

To identify and evaluate incongruity in the PFJ, including
persistent lateral subluxation of the patella and osteochondral
fracture of the inner patellar edge and the lateral condyle of
the femur, both groups underwent comparative radiography of
the knee joints in direct and lateral views and a special axial
view according to Merchant [36]. X-ray images of the knee
joints in a strictly lateral projection at a flexion angle of 30°
enabled the assessment of the height of the patellar position
by calculating the Caton—-Deschamps, Insall-Salvati, and
Blackburn—Peel indices [37-39].

Knee joint MRI revealed more accurately the level and
degree of damage to the medial retinaculum of the patella
and confirmed the presence or absence of free osteochondral
bodies in the joint cavity.

Computed tomography (CT), for the most accurate
assessment of bone structures, was performed to obtain data
on the signs of dysplasia of the femoral trochlea according to
the D. Dejour classification and type of patella according to
the classification of Wiberg and Grelsamer [40]. The degree
of tibial lateralization was determined from axial CT sections
by calculating the TT-TG index [41].

Changes in the rotational profile of the lower extremities
in the main group were assessed using CT by capturing
adjacent joints (hip and ankle), which revealed excessive
internal rotation of the femoral condyles of >30° and external
torsion of the tibia of >35° [42—-45] (Table 1).

The indications for choosing the extent of surgical inter-
vention for the main group were determined in accordance
with the developed risk scale for patellar instability. The ba-
sis was the patella instability threat index scale [42], which
was modified and considered the category, sex, age, physical
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activity level, and presence of dysplastic changes in the ana-
tomical formations of the lower extremities, contributing to
the development of PFJ instability (Table 2).

This scale is used in the developed algorithm for surgical
approach (Fig. 1). During the preoperative examination, risk
factors indicated in the scale were identified, and depending
on the number of points obtained, the patients were
distributed into groups; group 1 scored <8 points, group 2
scored 8-10 points, and group 3 scored >10 points, which
subsequently determined the scope of surgical treatment.

Follow-up period

Control examinations of the main group were per-
formed 6, 12, and 24 months after surgical treatment, and
that of the comparison group was performed 9-42 months
after surgical stabilization of the patella (average of
14 months). It included a traditional clinical examination
of the local status, testing using the Kujala, IKDC 2000,
Lysholm scales, MRI, CT of the knee joint, and radiography
of the knee joints.

Statistical analysis

Data were recorded in Microsoft Excel spreadsheets.
Statistical data analysis was performed using IBM SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY, USA).
Analysis of the normality of distribution was performed
using the Shapiro-Wilk test. The distribution of most of
the studied numerical variables differed from normal;
thus, nonparametric methods of statistical analysis were
used. Quantitative parameters in two independent groups
were assessed using the Mann-Whitney U test. As is
customary when using nonparametric methods, quantita-
tive data were presented as median and lower and upper
quartiles. Relationships between quantitative parameters
were determined using the Spearman correlation coef-
ficient. Frequency characteristics of nominal data were
compared using the x* test (with Yates correction for
small cohorts).

RESULTS

In a comparative analysis of the functional state of
93 patients in the main group and 101 in the control group
before surgery, no statistically significant differences were
revealed between the average values on the Kujala, IKDC
2000, and Lysholm scales.

The lateral release of the patella was performed in
23 (24.7%) patients in the main group and in 73 (72.3%) in
the control group (p < 0.05). In the main group, the MPFL was
reconstructed using the proposed method of fixing the graft
on the outer patellar edge. In the control group, the medial
retinaculum of the patella was reconstructed using a suture
following the Yamamoto method in 69 (68.3%) cases.
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Characteristics Group | Group Il ]

Number of cases 93 101
Number and proportion of men (n, %) 83 (80.9) 74 (73.3) 0.582
Age, years; Me [LQ; UQ] 22.3[20.0; 29.8] 22.00 [20.5; 25.3] 0.120
When playing sports: intense physical activity (n, %) 46 (49.5) 53 (52.3) 0.647
During daily activities (n, %) 47 (50.5) 48 (47.7) 0.337
Acute instability (n, %) 45 (48.4) 53 (52.4) 0.568
Recurrent instability (n, %) 997 14 (13.9) 0.368
Chronic instability (n, %) 39 (41.9) 34 (33.7) 0.234
Dysplasia of the femoral trochlea A 18 (19.4) 23 (22.8) 0.562
according to D. Dejour (n, %) B 38 (40.9) 46 (45.5) 0.509

o 36 (41.9) 29 (28.7) 0.142

D 3(3.2) 3(3.0) 0.920
Patella high position (n, %) 51 (54.8) 56 (55.4) 0.936
Excessive patella tilt (n, %) 25 (26.9) 21 (20.8) 0.317
Rigid lateral patellar retinaculum (n, %) 23 (24.7) 37 (36.6) 0.073
Valgus deformity of the lower extremities >10° (n, %) 21 (22.6) 32 (31.7) 0.156
Femoral anteversion =30° (n, %) 10 (10.8) 13 (12.9) 0.646
External tibial torsion >35°-40° (n, %) 7(15) 9(8.9) 0.726
TT-TG = 20 mm (n, %) 34 (36.6) 46 (45.5) 0.204
Hyperelasticity of the capsular-ligamentous apparatus (n, %) 30(32.3) 25 (24.8) 0.246

Table 2. Patellar instability risk score
Risk factors Score

Age
>18 years
<18 years

Physical activity

Casual

Increased physical activity (gym exercises and fitness)
Professional athlete/military servant

History of dislocation on the contralateral limb
No
Yes

Femoral trochlear dysplasia

No

A

B-D

High position of the patella

ISI<1.2; CDI<1.3; BP< 1;0.125 < PTI < 0.28
ISI'>1.2; CDI > 1.3; BP > 1; PTI > 0.28

Lateralization of the tibial tuberosity
TT-TG = 20 mm

TT-TG > 20 mm

Patella tilt

<20°

220°

Rotational changes in lower extremity (femoral anteversion >30° and/or external

tibial torsion 20-40°)
No
Yes
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End of the Talbe 2 / OkonuaHue mabn. 2

Risk factors

Score

Sex
M
F

Joint hypermobility
No
Yes

Body mass index

<30 kg/m?

>30 kg/m?

Angle Q

<14° for men; <17° for women

=14° for men; =17° for women

Moving patellar apprehension test, Fairbanks test
No

Yes

Bassett test

No

Yes

J-symptom

No

Yes

Patellar dysplasia

Wiberg types 1-2 / Grelsamer type 1
Wiberg types 3-4 / Grelsamer types 2-3

In 8 (7.9%) patients, plastic surgery of the MPFL was
performed with local tissues.

In this study, 120 (61.9%) of the 194 patients with patellar
instability underwent osteoplastic surgery in the knee
joint. The identified tibial lateralization (TT-TG =20 mm) in
87 (44.8%) patients was indicated for its Elmslie—Trilat
medializing transposition. Thus, this surgery was used
in 23 (24.7%) patients in the main group and 31 (30.7%)
in the control group. Osteotomy of the tuberosity with its
distal transposition was performed with a high position
of the patella in 13 (14.0%) patients of the main group
and 7 (6.9%) of the control group. A combined surgery of
medializing—distalizing tibial transfer was performed in
23 (24.7%) patients of the main group and 10 (9.9%) in
the control group, in whom both factors under consideration
were identified. In 4 (4.3%) cases from the main group,
deepening trochleoplasty using the Arthrex method was
performed in patients with dysplasia of femoral trochlea
types B and D according to the D. Dejour classification,
and 10 patients from the same group underwent distal
supracondylar derotational osteotomy of the femur with
condylar rotation of =30°, whereas in one case a combined
surgery of trochleoplasty and femoral osteotomy was
performed.

In both groups, a statistically significant improvement
in functional outcomes was found 12 months after surgical

treatmentaccording to the Kujala, IKDC 2000, and Lysholm scales
using both improved and traditional algorithms for choosing
a surgical approach. The average Kujala scale score increased
from 43.00 [36.00; 54.00] to 96.00 [90.00; 98.00] in the main
group and from 42.00 [32.00; 52.00] to 88.00 [84.00; 96.00]
in the control group. The total average IKDC 2000 and
Lysholm scale scores also increased significantly, that is,
from 63.10 [43.60; 68.30] to 97.80 [94.70; 98.90] and from
68.00 [52.00; 72.00] to 96.00 [93.00; 98.00] in the main group
and from 47.30 [31.10; 61.30] to 92.30 [88.90; 94.30] and from
54.00 [28.00; 66.00] to 90.00 [86.00; 96.00] in the control
group, respectively. When comparing the average score of
the functional scales 24 months after surgery, significantly
better (p < 0.05) results were obtained in the main group
(Figs. 2-4).

The postoperative course was complicated by recur-
rent patellar dislocation in 2 (1.9%) patients in group II,
whereas no such cases were noted in group | (p = 0.172).
Relapse of instability was caused by the ineffectiveness
of the surgical treatment, which did not take into ac-
count associated risk factors, which subsequently required
a thorough preoperative examination and revision surgery.
Thus, in case 1, a high position of the patella (Caton-
Deshamps index 1.42; Insall-Salvati 1.34) and tibial later-
alization (TT-TG of 21 mm) were diagnosed. Consequently,
MPFL autoplasty was performed using an improved
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Fig. 2. Kujala scale score 24 months after surgical treatment
(p < 0.05)

technique, supplemented using distal-medializing transfer
of the tibia. In case 2, in addition to tibial lateralization
(TT-TG of 23 mm), dysplasia of femoral trochlea type D
according to the D. Dejour classification was established,
which was an indication for deepening trochleoplasty of
the femoral trochlea in combination with plastic surgery
of the MPFL and medializing transposition of the tibia ac-
cording to Elmslie-Trilat. Despite the longer rehabilitation
period, after 24 months of follow-up in these two patients,
a satisfactory functional result was achieved (on average
78 points on the Kujala scale, 82 points on the IKDC 2000
scale, and 80 points on the Lysholm scale).

DISCUSSION

Determining the treatment approach for patients with
patellar instability is difficult because no unified approach
has been established for the selection of a treatment method
that considers the main characteristics of dysplastic changes
in the extensor apparatus of the knee joint. S.H.Sh. Tan et al.
and S. Zaffagnini et al. indicated that in patients with patellar
instability, which is rarely accompanied by severe femoral
trochlear dysplasia, the MPFL reconstruction in combination
with the transposition of the tibia is more rational, and
in the case of severe valgus deformity of the limb at
the knee joint level, a varus osteotomy of the femur or its
derotational osteotomy should be performed. Moreover, in
the case of a rigid lateral retinaculum, this combination can
be supplemented with the lateral release or lengthening
tenotomy of the external retinaculum of the patella with
subsequent elimination of the stressful rotational load on
the extensor apparatus of the knee joint; if this condition
cannot be met, external fixation of the patella with a special
brace is employed [20, 46-47].

The results of the analysis of the treatment outcomes of
patients with patellar instability and data from modern world
literature enabled us to identify errors in surgical approach
and formulate a pathomorphologically based algorithm for
diagnostics and surgical treatment of patients. It considers
risk factors for the occurrence of this pathology such as

Group

Fig. 3. IKDC scale score 24 months after surgical treatment
(p < 0.05)
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Fig. 4. Lysholm scale score 24 months after surgical treatment
(p < 0.05)

anomalies in the development of anatomical structures
of the knee joint and the lower limb as a whole. Clinical
testing and comparison of the results of using the proposed
algorithm with the traditional treatment approach was
performed based on the analysis of Kujala, IKDC 2000,
and Lysholm functional scale scores, which are subjective
and specific questionnaires developed to assess treatment
outcomes in patients who underwent surgery for knee joint
diseases and injuries. The Kujala scale has long established
itself as a reliable tool for assessing the severity of anterior
knee joint pain based on an impressive international scientific
base of patients who have undergone stabilizing surgeries on
the patella [48].

The data obtained enabled us to determine the best
functional results 24 months after surgery in patients of
the main group according to functional scales.

Thus, this study confirmed the high efficiency of a patho-
morphologically based algorithm for the surgical treatment
of patients with patellar instability. However, an exhaustive
examination of patients is needed, including radiography in
standard and special settings, CT, if necessary, including ad-
jacent joints, and MRI. If prerequisites for relapse of instabil-
ity are identified, surgical treatment should not be limited to
MPFL reconstruction; however, it should be supplemented
with surgical correction of dysplastic changes in the anatomi-
cal structures of the lower limb such as tibial transfers, cor-
rective derotational osteotomy, and deepening trochleoplasty
of the femoral trochlea.
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CONCLUSION

The proposed algorithm assumes a comprehensive pre-
operative examination, which enables us to verify and consid-
er risk factors for the development of patellar instability and
pathogenetically based surgical approach, which determines
the best anatomical and functional results in these patients.
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