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MPFL reconstruction vs. Insall procedure
for adolescent patellar instability: nine-year
follow-up on osteoarthritis, redislocations,
and return to sports
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Abstract

Background Medial patellofemoral ligament reconstruction (MPFLR) has become increasingly common in treating
patellofemoral instability (PFI). Previously, proximal realignment surgeries, such as Insall's procedure, were preferred
in adolescents with open physes. More evidence is needed on the long-term outcomes of MPFLR and Insall’s
procedures, particularly regarding the risk of early postoperative osteoarthritis and redislocation.

Methods A total of 129 patients under 17 years of age who underwent surgery for PFI between 2005 and 2019,
with a minimum follow-up time of 24 months, were retrospectively evaluated. Inclusion criteria comprised isolated
medial patellofemoral ligament reconstruction (MPFLR) or Insall's proximal realignment with at least partially open
physes at surgery and residence within the hospital district to enable follow-up. Of the 129 patients, 31 met the
inclusion criteria, and 24 patients (25 knees; 77%) participated in long-term clinical and radiographic follow-up. Most
patients were female (62%) with a mean surgery age of 14.5+ 1.3 years. Osteoarthritis, redislocations, return to sports,
subjective knee-specific recovery, and health-related quality of life were investigated. The mean follow-up time 9
years (range 2 to 18). The long-term outcomes were compared between the treatment groups.

Results Patellofemoral osteoarthritis (Kellgren and Lawrence II-IV) was found in one knee (6.7%) after MPFLR and in
six (60%) knees after Insall’s procedure (P=.004). No tibiofemoral osteoarthritis was found after MPFLR but was present
in four (40%) knees after Insall’s (P=.008). No MPFLR patients required reoperation compared to a 40% (4/10) in the
Insall's group (P=.008). At follow-up 26.7% (4/15) of MPFLR and 80% 8/10) of Insall's patients were unable to return

in pivoting sports due to residual symptoms (P=.008). No significant differences were found in IKDC (MPFLR 77.8 [SD
14.9] vs. Insall's77.5 [SD 18.4], P=0.973) or Lysholm scores (MPFLR 80.5 [SD 12.9] vs. Insall’s 77.1 [15.2], P=0.589).

Conclusion MPFLR showed superior long-term outcomes compared to Insall's procedure in skeletally immature
patients with recurrent PFI, with lower rates of osteoarthritis and reoperation.
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Introduction

Acute patellar lateral dislocation (PLD) is one of the most
common knee injuries during childhood and adoles-
cence, with an incidence of 0.3-1.2 per 1,000 in children
aged 9-15 years [1-3]. As many as half of these children
may develop recurrent instability, usually within five
years of initial injury [4]. Without appropriate treatment,
PLD can lead to recurrent dislocations, instability, ante-
rior knee pain, and patellofemoral (PF) degeneration [4—
6]. Younger age, open growth plates, trochlea dysplasia,
an increased tibial tuberosity-trochlear groove (TT-TQG)
distance, and patella alta have been identified as key risk
factors for PLD recurrence [7]. Furthermore, joint hyper-
mobility is more common among patients with recurrent
patellar instability [8].

Given that patellofemoral instability (PFI) is usu-
ally multifactorial in etiology, its treatment in skeletally
immature patients is particularly challenging. The pres-
ence of open growth plates excludes most bone proce-
dures due to the risk of premature or asymmetric closure
of growth plates and the subsequent limb deformity [9].
In general, surgical procedures to treat PFI are classified
as non-anatomic or anatomic. Non-anatomic procedures
include extensor mechanism realignment techniques
that aim to center the patella within the trochlear groove.
Examples include proximal realignment procedures (e.g.,
Insall’s and Madigan’s operations) and distal realignment
procedures (i.e., tibial tuberosity osteotomies). Con-
versely, anatomic procedures aim to restore the PF joint
anatomy, such as by repairing ruptured ligaments or fix-
ing osteochondral fractures [10, 11].

Historically, non-anatomic proximal realignment pro-
cedures were commonly used to treat PFI in skeletally
immature patients, supported by the idea that growing
bones were not harmed. However, surgical management
has evolved toward anatomical reconstruction, and the
popularity of ligament reconstruction procedures has
increased substantially over the past 15 years [11]. Cor-
respondingly, medial patellofemoral ligament reconstruc-
tion (MPFLR) has become the first-line treatment for
recurrent PLD among most knee surgeons [12].

In this study, we compared the long-term outcomes of
MPEFLR and Insall’s proximal realignment procedure in
patients, with at least partially open physes at the time
of surgery. In particular the risk of early postoperative
osteoarthritis (OA) and redislocation.

Methods

Approval for the study protocol was provided by the eth-
ics committee was of the study center. All study partici-
pants or their legal guardians provided their informed
consent. In this single-center study, children and adoles-
cents under 17 years of age (N'=129) who had undergone
surgical treatment for patellofemoral instability between
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2005 and 2019, with a minimum follow-up of 24-month
at the time of data collection (January 2022) were initially
included in the evaluation. Hospital journals and radio-
graphs were reviewed to confirm the diagnosis and eligi-
bility of the patients. The inclusion criteria for the study
were age under 17 years and at least partially open physes
confirmed on radiographs at the time of PFI surgery, hav-
ing undergone either an isolated medial patellofemoral
ligament reconstruction (MPFLR) or an Insall’s proximal
realignment procedure. Additionally, eligible patients
were required to reside within the hospital district at the
time of follow-up to ensure their ability to participate
in the clinical and radiographic evaluation. Patient were
excluded (N=98) from the study if they were residence
outside the Hospital district, had closed physes, or had
been treated with procedures other than isolated MPFL
reconstruction or Insall’s proximal realignment proce-
dure (e.g., lateral release or lengthening, tibial tuberosity
transfer, or sulcus deepening trochleoplasty). Ultimately,
31 patients met the inclusion criteria and were enrolled
in the study. All eligible patients were invited to a clinical
and radiographic follow-up visit conducted between May
and October 2022.

The surgery performed was based on the treating
surgeon’s decision and selected individually for each
patient. Insall’s proximal realignment procedures were
performed until 2010, after which MPFLR became
the standard procedure at the study center. The proxi-
mal realignment procedure was performed through an
anterior midline incision according to the technique
described by Insall [13]. The lateral retinaculum was first
released or lengthened while preserving the integrity of
the third layer (the capsule). The vastus medialis oblique
(VMO) was then released and reattached to the lateral
border of the patella or the lateral aspect of quadriceps
tendon using non-absorbable sutures. Finally, the medial
capsule was tightened to improve patellar stability.

Outcome Measures

Early postoperative osteoarthritis of the patellofemoral
joint was considered as the main outcome. Standardized
weight-bearing radiographs were taken to assess both
patellofemoral (PF) and/or tibiofemoral (TF) OA accord-
ing to the Kellgren and Lawrence classification system
(KL) [14]. All imaging studies were assessed by a senior
radiologist with 30 years of clinical experience in the
field. The radiologist was blinded to the treatment alloca-
tion, except in cases where a presence of a clearly visible
tenodesis drill canal was on radiographs rendered blind-
ing unfeasible.

The principal clinical outcome was redislocation,
defined as the need for a reoperation due to recurrent
patellar dislocation. This was based both on the review
of the hospital journals and operational notes and
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questioning the information from the patient and the
parents. AT the follow-up visit, participants were also
asked about their current symptoms, ability to return
to their preinjury level of sports, general and knee-spe-
cific pain, and their subjective satisfaction with the sur-
gery. The participants completed surveys that included
patient-reported outcome instruments for knee-specific
recovery and health-related quality of life. The patient-
reported outcome instrument was selected according to
the age of the patient at the time of follow-up.

Knee-specific recovery was evaluated using the IKDC
Subjective Knee Form and the Lysholm knee scor-
ing scale, both scored from 0 to 100, with higher scores
indicating better function [15, 16]. Patients under 18
years of age at the time of the follow-up visit completed
the pediatric version of the IKDC (Pedi-IKDC) [17]. To
determine satisfactory knee recovery, the age- and sex-
matched normative data for the IKDC 2000 for men and
women with no current or past knee problem were used
as cutoff scores: 95.5 for men and 93.4 for women aged
18-24 years and 94.6 for men and 92.5 for women aged
25-34 years [18]. For patients under 18 years, a published
median value of 94.6 was used as the cutoff score [19].
A Lysholm score of 95 was used to indicate satisfactory
recovery, based on reference value for individuals with
normal knees [20].

Health-related quality of life was measured using the
EuroQol five-level EQ-5D (EQ-5D-5 L) for patients>18
years old and the youth EQ-5D (EQ-5D-Y) for
patients <18 years old [21, 22]. In part 1, the patients
chose responses from five levels for the EQ-5D-5 L
(no problems to extreme problems) or from three lev-
els for the EQ-5D-Y (no problems to a lot of problems)
in response to five categories: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. In
part 2, the patients recorded their health on the day of
the survey on a visual analog scale (0=worst, 100 =best).
In radiographs, axial linear patellar displacement and
patellar tilt by Laurin’s angle, loose bodies, joint effusion,
and the Caton—Deschamps index (CDI) for patella height
were assessed [23—26]. The clinical examination included
manual tests for patellar instability (e.g. J-sign, apprehen-
sion test, patellar glide, grind, and crepitation). Physical
measurements included height, weight, body mass index
(BMI), knee range of motion (ROM), and side-to-side
differences in thigh and shin circumferences in centi-
meters. Muscle strength differences in leg extension and
flexion were measured using a leg extension/curl gym
machine (arthrometer). A minimum of 5 kg strength dif-
ference between the sides was considered significant by
the authors. General joint laxity was assessed using the
Beighton method [27].
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Statistical analysis

The outcomes were compared between patients who
underwent MPFL reconstruction and those who under-
went Insall's procedure. Descriptive statistics are pre-
sented as the means, ranges, and standard deviations
for normally distributed continuous variables. The nor-
mality of the dataset was investigated using the Shap-
iro—Wilk test. Mean values were compared using the
independent samples ¢- test. Dichotomous variables are
presented as frequencies and proportions. Differences
between the proportions of the variables were analyzed
using the standardized nominate deviation test, and the
distribution of the variables was examined using the chi-
square test or Fisher’s exact test in cases of small sample
sizes (n<5). The threshold for statistical significance was
P<.05. We required that all analyses were two-tailed and
that 95% confidence intervals were used wherever pos-
sible. The statistical analyses were performed using SPSS
version 27.0 (IBM Corp.) and StatsDirect version 3.0
(StatsDirect Ltd.).

All patients, who met the predetermined inclusion cri-
teria were initially included and recruited for the study.
The participation rate for the long-term follow-up visit
was 77.4%. A post-hoc power analysis was performed
using the observed difference in the primary outcome
(OA in 60% vs. 7%), with alpha 0.05 and treatment group
sample sizes of 10 and 15. This yielded a satisfactory sta-
tistical power of 84%.

Results

Patient characteristics

Overall, 24 out of 31 patients (77%) who initially met the
inclusion criteria participated in the follow-up examina-
tions. One patient in the Insall's group had both knees
operated before the age of 17. Thus, the final number
of knees included in this study was 25, with 15 treated
using MPFLR (15) and 10 treated using Insall’s proximal
realignment procedure.

The majority of patients were females (n=17, 62.1%).
The mean age at the time of surgery was 14.5 + 1.3 years
(14.4 = 1.5 in the MPFLR group vs. 14.7 = 1.0 in the
Insall’s group P=.565). The overall mean follow-up time
was 8.8 + 4.4 years (6.1 + 2.7 years in the MPFLR group
vs. 13.0 + 2.8 years in the Insall’s group, P=<0.001).

Gracilis tendon (GT) was the most commonly used
autograft for MFPL reconstruction (10/15, 66.7%), fol-
lowed by the semitendinosus (4/15 26.7%) and the quad-
riceps tendons (1/15, 6.7%).

MRI was performed significantly more often for
patients treated with MPFLR than those in Insall’s group
(100% vs. 20% P=<0.001). Underlying anatomical risk
factors for recurrent instability (e.g., high-riding patella,
dysplastic trochlea, laterally located tibial tuberosity,
lower extremity malalignment or any bony deformation)
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Table 1 Characteristics of the study patients
MPFL Reconstruction Insall N=10
All N=25 (24 persons) N =15 (15 persons) (9 persons) Diff. (95% Cl)
Mean(sD) N % Mean(SD) N % Mean(SD) N % P-value®
Age at the time of surgery (years) 14.5(1.3) 14.4(1.5) 14.7 (1.0) 0.3(-0.7t01.3) .565
Sex Female 17 621 9 60.0 8 88.9 28.9(-10.7t0 57.5) .107
Male 37.9 6 40.0 1 1.1
Follow-up time (years) 8.8(4.4) 6.1(2.7) 13.0(2.8) 6.9(4.6t09.3) <.001
BMI at the time of the last follow-up visit 25.3(4.0) 24.0(2.6) 27.3(5.3) 3.3(-0.8t07.5) .106
Injury side Left 12 48.0 9 60.0 3 30.0 30.0(-10.6t0 61.3) .134
Right 13 52,0 6 40.0 7 70.0
General joint laxity (Beighton score)b 4.1(2.4) 3.9(2.7) 4.4(1.9) 0.5(-1.4t02.5) .548
Any anatomic risk factors for dislocation” 24 96.0 14 933 10 100.0 6.7 (-22.81030.4) >.999
Pre-operative imaging X-ray 23 92.0 13 86.7 10 100.0 13.3(-16.9t038.5) .250
MRI 17 68.0 15 100.0 2 20.0 80.0(48.3t094.5) <.001
Torsioprofile MRI 1 4.0 1 6.7 0 0.0 6.7 (-22.81t030.4) >.999
Mechanical axis radiographs 1 4.0 1 6.7 0 0.0 6.7 (-22.8 10 30.4) >.999
Data are reported as mean = SD or No. (%) of patients unless otherwise indicated
Table 2. Radiological findings at the time of the follow-up in mean 9 years postoperatively
MPFL Reconstruction
AllN=25 (24 persons ) N=15 (15 persons) Insall N=10 (9 persons)  Diff (95% Cl)
Mean N % Mean N % Mean N % P-value’
Patellofemoral osteoarthritis (KL>2) ° 7 28.0 1 6.7 6 60.0  53.3(17.4t079.1) .004
KL2 mild 4 16.0 i & 6.7 3 30.0 23.3(~7.21055.8) .142
KL3 moderate 3 12.0 0 0.0 3 30.0 30.0(5.2t0 60.9) .026
Tibiofemoral osteoarthritis (KL>2) 4 16.0 0 0.0 4 40.0  40.0(6.9t014.2) .008
KL2 mild 2 8.0 0 0.0 2 20.0 20.0(-3.6t051.6) .07
KL3 moderate 2 8.0 0 0.0 2 20.0 20.0(~3.6t0 51.6) .07
Loose bone/cartilage fragment 9 36.0 6 40.0 3 30.0 10.0 (-27.6t043.3) .610
Joint effusion 3 12.0 3 20.0 0 0.0 20.0(~-10.3t040.7) 1132
Caton-Deschamps index (crude value) 1.1(0.2) 1.2(0.1) 1.1(0.2) 0.1(-0.1t00.2) .419
High-riding patella (CDI>1.3) 3 12.0 2 133 1 10.0 3.3(-30.3t031.1) >.999
Patellar lateralization 0.6 (1.2) 0.3(0.7) 1.1(1.5) 0.8(-0.4t01.9) .164
Increased Patellar tilt ® 3 12.0 1 6.7 2 20.0 13.3 (~15.0t0 46.5) .298

Data are reported as mean + SD or No. (%) of patients unless otherwise indicated

were common and present in all but one knee (n=24,
96%). (Table 1).

Osteoarthritis

In total, osteoarthritis was identified in seven of 25 knees
(28%). Patellofemoral OA (KL>2) was observed in one
knee (6.7%) in the MPFLR group and in six (60%) knees
in the Insall’s group (P=.004). No tibiofemoral OA was
found in the MPFLR group, whereas four knees (40%) in
the Insall’'s group showed signs of TF OA (P=.008). All
patient with TF OA also had PF OA. The relative risk
(RR) of developing PF OA following MPFLR was 0.10
compared to the Insall’s procedure (95% Cl: 0.02 to 0.79,
P=.001).

No statistically significant differences were found
between treatment groups regarding the presence of
loose bodies (40% in the MPFLR group vs. 30% in the
Insall’s group), joint effusion (20% vs. 0%), high-riding
patella (13.3 vs. 10%), abnormal patellar lateralization (0%
vs. 20%), or abnormal patellar tilt (6.7% vs. 20%) (Table 2.;
Fig. 1).

Redislocations

No patient in the MPFLR group required reoperation due
to recurrent patella dislocation. In contrast, four patients
(40%) in the Insall's group underwent reoperation for
redislocation (P=.008). The mean time to reoperation
was approximately 3.4 years followingr the primary sur-
gery. The relative risk (RR) of treatment failure—defined
as either clinical signs of patellofemoral instability at
final follow-up or reoperation due to redislocation—was
0.10 in the MPFL reconstruction group compared to
the Insall’s procedure group (95% CI: 0.02-0.79, P=.01)
(Table 3).

Other surgical interventions
Overall, seven patients (28%) underwent reoperation
for any reason;20% in the MPFLR group and 40% in the
Insall’s group (P=.227). In the Insall’s group two patients
underwent tibial tubercle osteotomy with distal and
medial transfer of the tendon attachment. On patient had
a femoral varus osteotomy and another underwent sub-
sequent MPFL reconstruction following initial Insall’s
procedure.

In the MPFLR group, one patient experienced a sur-
gical site infection requiring graft and implant removal.
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Fig. 1 X-ray of a 32-year-old female patient, 17 years after Insall's procedure, showing moderate (KL Ill) patellofemoral and mild (KL Il) tibiofemoral
osteoarthritis

Table 3 Reoperations and patient reported outcomes at the time of follow-up visit in mean 9 years postoperatively

MPFL reconstruction
AlIN=25 (24 ) N = 15 (15 persons) Insall N=10 ( 9 person) Diff. (95% C1)
Mean N % Mean N %  Mean N % P-value®
Redislocation* 4 16.0 [ 0.0 4  40.0 40.0(14.2t069.2) .008
Other reoperations (all) 7 28.0 3 20.0 4 40.0 20.0(-16.0t054.3) 227
FDO due to anterior knee pain** 1 4.0 1 6.7 0 00 6.7 (-22.81030.4) >.999
Removal of cartilage loose fragment 1 4.0 1 6.7 0 00 6.7 (-22.81030.4) >.999
Graft removal due to deep surgical site infection 1 4.0 1 6.7 0 00 6.7 (-22.81030.4) >.999
Age at the time of the reoperation (mean) 18.6(2.0) 17.6(2.3) 19.0(2.0) 1.4(-7.31010.3) 534
Reopertion timing after index surgery (years) 3.8(2.0) 4.6(3.0) 3.4(1.8) 1.2(-14.21016.7) .665
Clinical signs of PFI*** at time of the final follow-up 3 12.0 1 6.7 2 200 13.3(-15.0t046.5) .298
Treament failure (reoperation for recurrence and/or clinical signs of PFl) 7 28.0 1 6.7 6 60.0 53.3(17.4t079.1) .004
Treament failure ( subjectively reported redislocation and/or PFI reoperation) 9 36.0 2 133 7 70.0 56.7(17.81081.1) .005
Patient reported PFl at the time of final follow-up
Dislocation 5 20.0 2 133 3 300 16.7 (-16.0 t0 50.8) 2211
Subluxation 10 40.0 5 333 5 50.0 16.7(-21.2t051.8) .282
Knee pain reported at the time of FU 17 68.0 1 73.3 6 60.0 13.3(-23.11047.6) .484
Anterior knee pain 4 16.0 2 133 2 200 6.7(-23.11t037.8) .656
VAS pain 1-10 (mean) 1.0(2.0) 0.9(1.6) 1.1(2.6) 0.2 (-1.9t02.3) .805
Patient reported satisfaction with surgery 20 80.0 14 93.3 6 60.0 33.3(-0.7t064.3) .062
Return to sport
Atpreinjury level 6 25.0 5 333 1 111 22.2(-16.5t051.4) 201
Atlower level 10 40.0 8 53.3 2 222 30.1(-10.61061.7) J122
Unable to return 8 320 2 133 6 67.7 53.3(13.5t079.6) 011
Unable to participate in a spesific sport 12 50.0 4 26.7 8 800 53.3(12.8t078.1) .008
IKDC/pedi-IKDC score (max 100). 77.7(15.9) 77.8(14.9) 77.5(18.4) 0.3(-15.3t015.8) 973
Lysholm (max 100) 79.2(13.6) 80.5 (12.9) 77.1(15.2) 3.4(-9.61016.3) .589
Subjective overall health by EQSD®
EQSD VAS (0-100) 76.3(12.8) 74.5 (14.0) 79.4(10.4) 4.9(-5.51015.4) 332
Mobility
No problems (LEVEL1) 20 833 13 86.7 7 718 8.9(-22.81045.0) 373
Any problems (LEVEL2-5) 4 16.7 2 133 2 222
Self-care
No problems (LEVEL1) 23 95.8 15 100.0 8 889 11.1(-11.5t044.3) .188
Any problems (LEVEL2-5) 1 4.2 0 1 111
Usual activities
No problems (LEVEL1) 21 87.5 13 86.7 8 889 0.2(-33.5t030.4) >.999
Any problems (LEVEL2-5) 3 125 2 133 1
Pain/Discomfort
No problems (LEVEL1) 5 20.8 0 0.0 5 556 55.6(26.2t081.5) .002
Any problems (LEVEL2-5) 19 79.2 15 100 4
Slight problems (level 2) 14 73.7 1 733 3 333 40(-1.5t070.1) .051
Moderate problems (level 3) 5 223 4 26.7 1 111 15.6(-22.3t044.9) .367
Anxiety/Depression
No problems (LEVEL1) 12 50.0 6 40.0 6 66.7 26.7(-15.0t059.6) .245
Any problems (LEVEL2-5) 12 50.0 9 60.0 3 333
EQ-5D Overall
No problems (All level = 1) 3 125 0 0.0 3 333 33.3(8.0t065.1) .02
Any (all other) 21 87.5 15 100.0 6 67.7

Data are reported as mean = SD or No. (%) unless otherwise indicated
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Table 4 Clinical findings of the operated knee at the follow-up visit in mean 9 years
MPFL reconstruction N=15
All N=25 (24 persons) (15 persons) Insall N=10 (9 persons) Diff. (95% Cl)
Mean N % Mean N % Mean N % P-value”
J-sign postive laterally 9 36.0 4 267 5 50.0 23.3(-15.1t057.2) .457
J-sign positive medially 4 16.0 3 200 1 10.0 10.0(-24.8 t0 38.6) .315
Side-to-side difference in J-sign N=22 14 63.6 7 50.0 7 77.7 27.7 (-5.7t0 66.1) .093
Apprehension test positive 9 36.0 4 267 5 50.0 23.3(-15.0t056.2) 234
Patellar glide test positive® 7 28.0 3 200 4 40.0 20.0(-16.0t0 54.2) 227
Patellofemoral crepitation 13 52.0 7 467 6 60.0 13.3(-26.1t048.4) .457
Patellar grind test positive 5 20.0 2 133 3 30.0 16.7 (-16.0t0 50.7) 211
Number of scars 2.9(1.4) 3.5(1.2) 2.1(1.4) 1.4(0.2t02.5) .021
Max lenght of the scars (in mm) 8.4(3.5) 7.2(3.3) 10.3(3.1) 3.1(0.4105.8) .029
Max width of the scars (in mm) 1.3(0.8) 1.2(0.8) 1.5(0.8) 0.3(-0.4t01.0) .385
Flexion ROM (in degrees) 141.1(17.6) 139.5(21.7) 143.5(9.0) 4.0(-9.0t017.1) .529
Extension ROM (in degrees) 186.3 (3.8) 186.9 (4.0) 185.5(3.5) 1.4(-1.8t04.6) .374
Tigh circumference diffenrence (in cm) © -1.1(1.3) -1.5(1.3) -0.4(1.0) 1.1(0.0t02.1) .044
Shin circumference difference (in cm)® 0.0(1.0) -0.36(1.2) 0.6 (0.7) 0.9(0.1t01.7) .030
Knee flexion strength difference >5kg 10 45.5 7 50.0 3 37.5 12.5(-30.0t0 49.5) .440
Knee extension strength difference >5kg 9 40.9 7 500 2 250 25.0(-18.9t058.1) 227

Data are reported as mean + SD or No. (%) unless otherwise indicated

Another patient reported anterior knee pain, attributed
to significantly increased femoral neck anteversion; a
derotational femoral osteotomy was performed later. In
total, the mean time to reoperation for any reason, was
3.8+2.0 years after the index surgery at a mean patient
age of 18.6+2.0 years.

Return to play (RTP)

Return to preinjury level of sports (RTP) was achieved by
six out of 24 patients (25%). Overall, eight patients (32%)
were unable to return to their previous sport at all: two
patients (13.3%) in the MPFLR group and six patients
(60%) in the Insall’s group (P=.011). The reported reasons
for non-return were pain (n=2), fear (n=2), and redislo-
cation (n=4). Half of the patients (n =12) reported inabil-
ity to participate in a specific sports, most commonly
pivoting sports (e.g., skiing, basketball, soccer), at the
time of the final follow-up visit (Table 3). In seven cases
the reason for finishing the sport was unrelated to patel-
lar instability.

Clinical findings at follow-up visit

At the time of the final follow-up J-sign was found to be
positive in 13 (52%) knees. Among these nine (36%) cases
demonstrated a lateral shift and four (16%) cases a medial
shift. No significant difference were found between
the MPFLR and Insall’s groups in any clinical examina-
tions related to patellar tracking. The number of surgi-
cal scars was higher after MPFLR (3.5+1.2 vs. 2.1+1.4,
P=.021), but the maximum length of the scars was
greater after Insall’s procedure (7.2 +3.3 cm in MPFLR vs.
10.3+3.1 cm in Insall’s, P=.029) (Table 4).

Subjective satisfaction and quality of life
The mean IKDC/Pedi-IKDC score was 77.7 +15.9, with
no significant difference between the MPFLR and the

Insall’s group (77.8+14.9 vs. 77.5+18.4, P=.973). How-
ever, the IKDC/Pedi-IKDC scores were significantly
lower in both groups than the sex- and age-matched
normative values (92.5-95.5) reported in the literature
[18, 19]. The mean Lysholm scores were 80.5+12.9 in
the MPFLR group and 77.1+15.2 in the Insall's group
(P=.589), indicating impaired knee function in both
treatment groups. Despite this, the majority of patients
(n =20, 80%) reported satisfaction with their surgery.

At the final follow-up 17 patients (68%) reported knee
pain, with no significant difference between groups
(73.3% after MPFLR and 60% after Insall’s, P=.484).
Out of the 17 patients who complained knee pain, four
(16.0%) described the pain as anterior knee pain. The
mean pain severity on the visual analog scale (VAS),
was 1.0+2.0, with no differences between the groups
(Table 3).

Discussion

The main finding of this comparative study, with a sat-
isfactory long follow-up time (mean 9 years) was the
markedly higher (60%) rate of PT osteoarthritis follow-
ing Insall’s proximal realignment procedure, compared
to MRFLR. Early-onset osteoarthritis is a significant
condition, often resulting pain, functional limitations
and affecting negatively in the quality of life. In contrast,
the low incidence of OA after MPFLR observed in this
study is noteworthy and clinically important finding.
MPFLR may preserve PF joint biomechanics more effec-
tively, as it does not appear to increase the compression
forces within the PF joint, which is a known disadvan-
tage of Insall's type proximal realignment operations.
The elevated risk of PF osteoarthritis following PFI sur-
gery is supported by previous studies. Sillanpdd et al.
reported that 78% of adult patients treated with non-
anatomic distal realignment procedures demonstrated
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full-thickness cartilage lesions on follow-up MRI, regard-
less of whether they had PFI or not [28]. Schuttler et al.
examined 42 adult patients who underwent the Insall’s
procedure and observed a significant progression of
patellofemoral osteoarthritis over a mean follow-up
period of 52 months. The incidence of PF OA increased
from 10% a the time of the surgery to 43% at follow-up
[29]. In contrast, long-term data on MPFLR show more
favorable cartilage outcomes. Shatrow et al. found mild
PF OA in one-third of patients at a minimum of 10 years
after MPFLR [30]. On the other hand, another study of
22 patients treated with MPFLR with a mean follow-up
time of 12 years found that only two knees had definite
progression from none to mild-to-moderate-grade osteo-
arthrosis [31]. Thus, although cartilage lesions were not
absent in the MPFLR group, the procedure appears to be
significantly safer for knee cartilage, which aligns with
current research findings. This is likely due to the non-
anatomic nature of proximal realignment procedures,
which can alter patellofemoral joint mechanics, increase
contact pressure on the articular surfaces, and thereby
predispose the knee to cartilage degeneration. The mark-
edly higher incidence of patellofemoral osteoarthritis
observed following Insall’s procedure in this study rein-
forces concerns about long-term cartilage health asso-
ciated with such techniques. This study supports the
growing consensus in adolescent sports medicine that
emphasizes the importance of early detection and appro-
priate management of cartilage damage in the treatment
of knee injuries in adolescent [32]. In particular, the need
to prioritize surgical approaches that minimize biome-
chanical disruption and better preserve cartilage integrity
in skeletally immature patients.

There was also significantly lower rate of redisloca-
tions requiring further interventions after MPFLR than
after Insall’s procedure. No patient was reoperated due
to redislocation after MPFLR. One patient (6.7%) in
the MPFLR group presented unstable patella in clini-
cal examination but did not suffer from the finding. Two
cases treated with MPFLR reported patellar instability,
but objective instability findings were lacking. These find-
ings altogether support the recent change in treatment
from proximal realignment procedures to reconstruc-
tion of medial constrains, while MPFLR has been taken
as a first-line treatment by most knee surgeons in the last
10-15 years [12]. The previously reported rate of recur-
rent dislocation following MPFLR in children and ado-
lescents varies from 0-30% [33-36]. The current study
agrees with these.

The rate of redislocations requiring reoperation was
40% after Insall’s in this research. The subjective results
of Insall’s were even worse, as 70% of the cases operated
upon Insall's had subjective feelings of instability. The
reported rate of late stage redislocation after proximal
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realignment procedure was lower (22%) in a previ-
ous study, as compared to the current research, but the
follow-up time in that study was short (2 years) [37]. In
the current study, the follow-up time was 13 years after
Insall’s, which could explain the higher redislocation rate
compared with other published outcome results. The
high rate of objective recurrence (60%) after Insall’s sug-
gests choosing methods other than proximal realignment
procedure when improving stability after lateral patellar
dislocation in children and adolescents.

Many studies have shown excellent MPFLR results in
adults. However, MPFLR is not a completely anatomi-
cal procedure for skeletally immature patients because
the anatomical insertion point in the femur is within the
proximity of the growth plate. For this reason, femoral
fixation of the graft cannot be performed on Schottle’s
point, which is the preferred site for the graft insertion
[38]. Several different growth plate-sparing surgical tech-
niques have been published to avoid iatrogenic lesion, but
the outcomes of MPFLR have been poorer in adolescents
than in adults [34, 39-41] In this study, only patients
with at least partially open physes were included, which
is important given that there is a lack of high-standard
studies of PFI in children and adolescents [35, 42, 43].

RTP on preinjury sports was achieved by 87% of the
patients after MPFLR and by 33% of the patients after
Insall’s. Preinjury level of the sport performance was
achieved by a minority of patients after MPFLR (33%)
and modified Insall's (11%). These numbers emphasize
the severe nature of PFI in junior athletes. Regarding
return to specific sports, there was no difference between
the treatment groups. The RTP outcomes in this study
were poorer than those previously reported. Migliorini
et al. concluded that 87% of patients were able to return
to their previous sports following MFPLR, while one in
three (27%) patients had a reduced level of sports. How-
ever, patients’ skeletal maturity was not addressed, and
the follow-up time was significantly shorter (33.7 +28.8
months) compared with this study [43].

The long-term subjective recovery was unsatisfying in
both treatment groups compared with the sex- and age-
matched normative data scores, which, again, strength-
ens the idea that PFI is still a clinical challenge among
adolescents. Nevertheless, most of the patients (80%)
were still happy with the surgery. Although the patients in
the MPFLR group reported knee pain more often, it was
slight according to VAS. There was no difference between
the MPFLR and Insall’s groups in other subjective knee-
specific recovery or quality of life measurements nor in
any clinical exams considering patella tracking or PF joint
problems. Therefore, considering all the pros and cons,
the main advantage of MPFLR compared with proximal
realignment procedure is its lower risk of redislocation
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and OA, while there seems to be no difference in RTP or
subjective outcomes.

This study has some limitations. First due to the ret-
rospective study design, the primary treatment was
based on the surgeon’s preference for each patient, and
the patients were not randomized into two comparative
treatment groups. Furthermore, as surgical management
of PFI evolved toward MPFLR after the 2010’s, patients
in the Insall’s group had longer follow-up period, which
may have affected on the differences between the groups.
Another limitation is that IKDC radiographic osteoar-
thritis rating could not be used, as Rosenberg view was
not obtained in accordance with institutional imaging
protocols. As the study was limited to skeletally imma-
ture patients with open growth plates, the pool of eligible
participants was inherently small, despite the inclusion of
all consecutive cases meeting the criteria. The final sam-
ple size was relatively limited due to the study’s exclusive
focus on soft-tissue procedures, with patients treated
using alternative surgical techniques being excluded.
Additionally, detailed numbers of excluded cases by spe-
cific eligibility criteria were unavailable, as such data was
not separately recorded in the research database. The
single-center nature of the study may also restrict the
broader generalizability of the results.

Despite these limitations, the study has notable
strengths. The exclusive focus on soft-tissue procedures
is justified, as MPFLR has become a cornerstone in the
treatment of PFI in the skeletally immature population.
Post hoc power analysis indicated adequate statistical
power (84%), and the study achieved a high participation
rate (77%) despite a long mean follow-up of nine years.
The long follow-up time strengthen the reliability of the
outcomes. Additional, clinical investigations were com-
prehensive, and imaging was performed for all patients.
Moreover, the patients were inquired about subjective
symptoms, satisfaction, and performance. RTP after
treatment was thoroughly evaluated to determine the
potential differences between the procedures. To the
best of the authors’ knowledge, this is the largest popu-
lation-based study comparing the long-term outcomes of
MPEFELR and Insall’s proximal realignment procedures in
children and adolescents with open physes.

Future research is planned to investigate long-term car-
tilage degeneration and osteoarthritic progression using
magnetic resonance imaging (MRI), which may provide
more detailed insights into structural joint changes over
time.

Conclusion

MPELR is superior to Insall’s proximal realignment pro-
cedure in treating recurrent patellar lateral dislocation
in children and adolescents. Although both groups dem-
onstrated relatively good subjective outcomes, MPFLR
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was associated with a lower incidence of osteoarthritis in
both the patellofemoral and tibiofemoral joints, as well as
fewer reoperations for recurrent dislocations.
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