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Background: Patellar instability has the highest incidence in adolescents aged between 14 and 18 years. The unique relationship
between the medial patellofemoral ligament (MPFL) and the distal femoral physis in skeletally immature patients warrants pre-
cisely positioned MPFL graft insertion. A paucity of data are available evaluating the results of MPFL reconstruction using allograft
tendon before skeletal maturity.

Purposes: (1) To assess the results of MPFL reconstruction using allograft tendon in skeletally immature patients by analyzing
redislocation and reoperation rates, radiological outcomes, and patient-reported outcomes and (2) to determine whether epide-
miological, intraoperative, or radiographic factors influence recurrent instability and clinical outcomes.

Study Design: Case series; Level of evidence, 4.

Methods: Prospectively collected data were retrospectively analyzed for 69 skeletally immature patients who experienced a first-
time or recurrent lateral patellar dislocation and were treated with anatomic MPFL reconstruction. Inclusion criteria were MPFL
reconstruction using allograft and the availability of preoperative magnetic resonance imaging scans in the presence of open
or partially open physes. Patients with \2 years of follow-up and patients with previous surgeries on the same knee were
excluded from the study. Preoperative radiographic imaging was reviewed and analyzed. Trochlear dysplasia, tibial tubercle–
trochlear groove distance, and patellar height were evaluated. Descriptive data, concomitant injuries, surgical procedure details,
complications, and postoperative history were assessed via review of medical records and patient charts. Validated patient-
reported and surgeon-measured outcomes were collected pre- and postoperatively, including Kujala score, Lysholm score,
and Tegner activity score. Return-to-sports rate was assessed. The influence of epidemiological, intraoperative, and radiographic
parameters on the redislocation rates and clinical outcomes was assessed using a multiple linear regression model.

Results: A total of 79 physeal-sparing MPFL reconstructions (69 patients) met the inclusion criteria. The mean age of the patient
cohort was 14.7 6 1.8 years (range, 8.5-16.9 years). Within the mean follow-up time of 37.9 6 12.1 months (range, 24-85 months
after surgery, there were 12 patients with clinical failures resulting in reoperation. Eleven patients experienced a redislocation of
the patella, and 1 patient sustained a transverse noncontact patellar fracture 6 months after index surgery that required operative
fixation. No injuries to the distal femoral physes were clinically observed. At the final follow-up, patients had a mean Lysholm
score (1-100) of 96.5 6 6.7, a mean Kujala score (1-100) of 96.5 6 7.4, and a mean Tegner Activity Scale score (1-10) of 4.9
6 1.3. Patellar height and trochlear dysplasia did not influence redislocation or clinical scores. In total, 57 of the 63 patients
(90.5%) who were engaged in sports before injury returned to the same or higher level of competition. In a subgroup analysis
of patients who underwent isolated MPFL reconstruction (n = 44) without concomitant procedures, 9 patients (20.5%) experi-
enced failure and had a redislocation. A univariate analysis of hazards for failure based on patient-specific variables was carried
out. A body mass index �30 conveyed a hazard ratio of 2.51 (95% CI, 0.63-10.1; P = .19), and the tibial tubercle-trochlear groove
distance by increments of 1 mm was associated with a hazard ratio of 2.02 (95% CI, 0.51-8.11; P = .32).

Conclusion: Physeal-sparing anatomic reconstruction of the MPFL using an allograft tendon in skeletally immature patients was
a safe and effective treatment for patellar instability, regardless of patellar height and trochlear dysplasia. Failure rates decreased
when the MPFL reconstruction was performed concomitantly with a tibial tubercle osteotomy.
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The medial patellofemoral ligament (MPFL) plays a crucial
role in maintaining biomechanical stability of the patellofe-
moral joint and has been reported to account for approxi-
mately half of the total restraint to lateral patellar
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displacement.23 Patellar dislocation is the second leading
cause of traumatic knee hemarthroses in the general popu-
lation and is often accompanied by an injury to this thin lig-
amentous structure that is located within the second layer
of the medial knee soft tissue.23 In children, an acute patel-
lofemoral dislocation is the most common acute knee injury
overall, with an injury rate of 1.95 per 100,000 athlete-
exposures among high school athletes.33,55,59 Structural
alteration can range from pure elongation of the ligament
to complete rupture that usually occurs directly at the fem-
oral insertion.54 Skeletally immature adolescents have
a higher reported rate of patellofemoral instability and
patellar dislocation compared with adults.30 High-level evi-
dence on the appropriate treatment of first-time dislocations
is limited, and the final treatment decision in these cases is
reached mutually by the surgeon, patient, and parents.
However, there remains a need for anatomic reconstruction
in the presence of open physes in patients with first-time
dislocations and after failed nonsurgical treatment and
recurrent dislocations.15 Although MPFL reconstruction
has been proven to restore stability, numerous surgical
techniques have been described to address patellar instabil-
ity.19,38 Some surgical approaches use soft tissue correction,
whereas others aim to achieve stability via bony correction
procedures.62 Although the vast number of surgical proce-
dures aimed at restoring patellar stability makes it difficult
to decide the best course of treatment in each case, combina-
tions of bony and soft tissue approaches have been reported
to be beneficial in selected patients.5,15

Good to excellent results of MPFL reconstruction have
been reported in adults, whereas mixed outcomes and compa-
rably higher failure rates have been found in skeletally imma-
ture adolescents after stability-restoring operative
treatments.1,2,4,10,31,56,74 Among the reported complications
are redislocation of the patella, patellar fractures, patella
baja, nerve injuries, tightness, painful limitation of range of
motion due to overrestraint, and growth deformity from injury
of the physes due to surgical manipulation.1,2,7,10,31,51,71

Although surgical techniques such as lateral release, the
Insall procedure, and the Roux-Goldthwait procedure are
established in clinical practice, anatomic MPFL reconstruc-
tion using tendon autograft has been advocated as the treat-
ment of choice in skeletally immature patients.14,17,36,57,58,72

However, allograft tissue has potential advantages of limit-
ing donor-site morbidity, including loss of strength, and
decreased surgical time, and it can be used in patients

with tissue disorders.8,32,47 In adults, allograft tissue has
shown comparable results in regard to preventing recurrent
patellar instability when used for MPFL reconstruction
compared with autograft, but little is known about the use
of allograft tissue for MPFL reconstruction in chil-
dren.29,44,68,69 The proximity of the distal femoral physes
to the biomechanically ideal insertion of the MPFL has to
be taken into account when reconstructing the ligament.
It has been shown that the femoral insertion is located
distal to the femoral physes.48 Considering the significant
contribution of the distal femoral growth plate to longitu-
dinal growth, injury of the physes, with the potential
implication of growth arrest, has to be avoided to prevent
angular or leg-length deformities of the limb.70 The pur-
pose of the current study was to evaluate the clinical out-
come and redislocation rates after MPFL reconstruction
with allograft tendon in skeletally immature patients.
Furthermore, we aimed to analyze the influence of epide-
miological, radiographic, and surgical factors on redislo-
cation rates and clinical outcomes. We hypothesized that
a high clinical success rate could be achieved using an
allograft tendon for anatomic reconstruction. The
reported results of this study may assist surgeons in coun-
seling young patients and their parents regarding the
expected outcome of MPFL reconstruction in the setting
of lateral patellar dislocation.

METHODS

Study Population and Design

This retrospective review of prospectively collected data
was performed at a single institution (Mayo Clinic)
between 2015 and 2021 to determine whether patellar
instability resulting in lateral patellar luxation could be suc-
cessfully treated with MPFL reconstruction in a skeletally
immature patient population. Institutional review board
approval was obtained before the beginning of the study.
Participants provided informed consent. A search of the
institutional medical database was performed to identify
all pediatric patients who underwent surgery for patellar
instability with �1 episode of documented dislocation dur-
ing that period. Patients were included if they underwent
primary MPFL reconstruction and had open or partially
open physes at the time of index surgery. Skeletal maturity
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was assessed using preoperative magnetic resonance imag-
ing (MRI) based on the status of the growth plate closure:
open (n = 41 knees), partially open (n = 38 knees), or closed
(n = 0 knees). All patients were required to have a minimum
of 2 years of follow-up. Exclusion criteria included previous
tibial tubercle osteotomy (TTO) and trochleoplasty. Six
patients who had \2 years of follow-up and 2 patients
who had undergone previous surgery on the same knee
were therefore excluded. Patients who underwent concur-
rent procedures such as hemiepiphysiodesis in the setting
of malalignment, anterior cruciate ligament (ACL) recon-
struction, or meniscal repair were not excluded from the
study. Of note, none of the excluded patients had a redisloca-
tion or revision at the time of exclusion. A total of 69
patients (23 male and 46 female) aged 8 to 17 years were
included in the study cohort. In total, 79 anatomic MPFL
reconstructions were performed. All patients had open or
partially open growth plates at the time of index surgery.
Bilateral knees were scored separately (Figure 1).

Indication and Surgical Technique for MPFL
Reconstruction in Skeletally Immature Patients

Indications for MPFL reconstruction included a recurrent
lateral patellar dislocation or a first-time dislocation with
either an additional intra-articular injury (chondral or
osteochondral fracture or lesion) or the presence of risk fac-
tors for recurrent dislocation (eg, history of lateral patellar
dislocations in the contralateral knee, trochlear dysplasia).
In case of a first-time patellar dislocation without predis-
posing risk factors, nonsurgical treatment was introduced
including physical therapy. If a recurrent patellar disloca-
tion occurred despite nonoperative treatment, patients
were converted to MPFL reconstruction.

All MPFL reconstructions were performed by experi-
enced, fellowship-trained orthopaedic surgeons (T.A.M.,
A.J.K., M.J.S., D.B.F.S.). The knee joint was examined
under anesthesia, confirming preoperative findings. Diag-
nostic arthroscopy was initially performed in all cases to
assess for intra-articular lesions and further injuries. Con-
sequently, the superomedial border of the patella was

exposed, and then 2 different patellar fixation methods
were used. The type of patellar fixation was determined
by surgeon preference. In the majority of patients, a shal-
low trough was created using a bur. Two Arthrex FASTak
suture anchors were placed at the superior half of the
medial border of the patella (Figure 2). In some patients,
a socket was used for patellar graft fixation. In these cases,
the osseous medial pole of the patella was exposed. Under
image intensifier control, 2 very small K-wires were placed
in the medial patellar boarder. A cannulated reamer was
then used to create the 3.5 3 15–mm sockets in the
patella. A No. 2-0 FiberWire modified Krackow suture
(Arthrex) was placed in each end of the allograft over
approximately 15 mm. These sutures were passed through
a 3.5 3 13.5–mm Swivelock anchor (Arthrex), which was
inserted into each socket. A transverse patellar drill hole
that crosses the entire patella was strictly avoided. Then,
the space between layers 2 and 3 was bluntly developed,
beginning at the medial border of the patella and reaching
to the origin of the MPFL at the Schöttle point (Figure 3).
This landmark is a reproducible anatomic and radio-
graphic point, located 1.3 mm anterior to the posterior cor-
tex extension and 2.5 mm distal to the posterior origin of
the medial femoral condyle, just proximal to the level of
the posterior point of the Blumensaat line on a lateral
view with the posterior condylar margin overlapped deter-
mining the mean femoral MPFL center.64 In skeletally
immature patients, this point is approximately 7 mm distal
to the medial distal femoral physis.13 The correct position
was confirmed under fluoroscopy. The allograft was dou-
bled over and fixed at its apex to the patella, using the pre-
viously placed FASTak anchors. Two limbs of the graft
were then guided through the previously developed layer
and brought out to the Schöttle point, where they were
affixed using a 5.5-mm BioComposite corkscrew anchor
(Arthrex) with 2 No. 2-0 FiberWire sutures attached. The
femoral socket was positioned distal to the physes, with
a distal and slightly ventral angulation (Figure 4). The
patellar stability was confirmed by visualizing the patella
directly at arthroscopy, as well as using fluoroscopy.

In case of recurrent patellofemoral dislocation after
MPFL reconstruction, revision surgery was carried out. If

104 pa�ents ≤17 years with MPFLR 
assessed

Exclusion criteria: 
- Closed physis

- Previous surgery on same knee
- <2 years of follow-up

- concomitant trochleoplasty27 pa�ents excluded due to closed 
physis

2 pa�ents excluded for previous 
surgery on the same knee

6 pa�ents excluded due to 
insufficient follow-up

69 pa�ent included in final study 
cohort

Figure 1. Flowchart of patient exclusion and selection. MPFLR, medial patellofemoral ligament reconstruction.
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an adequate trauma was reported that led to the recurrent
dislocation and a normal tibial tubercle–trochlear groove
(TT-TG) distance was present, a MPFL reconstruction
was carried out as revision surgery. Inadequate or no
trauma as a cause of recurrent dislocation in combination
with increased TT-TG distance was addressed with
MPFL reconstruction and TTO. In the presence of a dys-
plastic trochlea, a trochleoplasty was combined with
MPFL reconstruction in these revision cases.

Rehabilitation

Patients followed a standardized postoperative rehabilita-
tion protocol with regularly scheduled office visits. In the
first 2 weeks after surgery, patients were partially weight-
bearing and performed range of motion exercises with
active flexion and passive extension. Progression to full
weightbearing was permitted 6 weeks after surgery.
Return to sports training was initiated at 4 months with
a goal of unrestricted return to play by 6 months. Ultimate
time for sports clearance was based on obtaining symmet-
ric lower extremity strength and having satisfactory per-
formance on functional tests. Patients were seen for
regularly scheduled follow-up visits for the first year and
then on an annual basis unless complications arose.

Figure 2. Intraoperative radiographs of distal medial femoral hemiepiphysiodesis and medial patellofemoral ligament (MPFL)
reconstruction using gracilis allograft in a 13-year-old patient. (A) Identification of the physis via K-wire. (B) Medial 8-plate in
situ. (C) Physis-sparing identification of the femoral MPFL insertion point. (D) Identification of the patellar graft insertion point.
(E) Anteroposterior image after MPFL reconstruction and hemiepiphysiodesis. (F) Intraoperative lateral view.

Figure 3. Intraoperative radiographs. (A) Lateral and (B)
anteroposterior views of a left knee during femoral socket
positioning of medial patellofemoral ligament reconstruction
in a skeletally immature patient (12 years of age). (A) Identifi-
cation and verification of the entry point using a pin on a sur-
face localizing shot. The trajectory of the pin is anterior,
strictly extraphyseal. (B) After identification of the entry point,
a guide pin is introduced after visualization of the anterior and
posterior cruciate ligaments and verification that the struc-
tures remain uninjured; a bioabsorbable interference screw
is used to secure the graft within the medial condyle distal
to the physis. Suture anchors are visible within the patella,
facilitating graft fixation.
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Evaluation Methods

The patients’ records were reviewed for preoperative data
including age at the time of surgery, body mass index
(BMI), dislocation history, previous operations, and Tegner
score. Preoperative radiographs of the knee, including
anteroposterior (standing, weightbearing) and lateral
views, were reviewed for patellar tilt and height as well
as sulcus and congruence angles. Patellar height was
determined on lateral radiographs using the method
described by Insall and Salvati, which has been shown to
be the most reliable.53,73

In all patients, the presence of trochlear dysplasia was
determined based on true lateral radiographs and axial
MRI scans. MRI scans of the most proximal craniocaudal
transverse plane on which the cartilage along the entire
width of the trochlea was visible were performed. The
Dejour and Le Coultre classification was used to define
no dysplasia, low-grade dysplasia (A), or high-grade dys-
plasia (B, C, D).20 In type A dysplasia, a crossing sign is
visible on lateral radiographs of the knee, and the troch-
lear groove is symmetric but shallower than normal, with
a sulcus angle .145� on axial images. Type B entails
a crossing sign as well as a supratrochlear spur on lateral
radiographs, with a flat trochlea on axial images. In type
C, a crossing sign and double contour are visible on lateral
radiographs, with lateral facet convexity and medial facet
hypoplasia on axial images. Type D involves a crossing
sign, supratrochlear spur, and double contour on lateral
radiographs and a ‘‘cliff’’ on axial images because of asym-
metry of the lateral and medial femoral trochlear facets.21

Given the good interobserver reliability reported for this
dichotomous classification, radiographs and axial MRI
scans were reviewed by a single fellowship-trained ortho-
paedic surgeon (M.H.).41,45 In all patients, the preoperative
TT-TG distance was determined from computed tomogra-
phy scans when available or axial MRI scans, and values
�20 mm were considered abnormal.22 Measurements
were performed by a musculoskeletal radiologist and veri-
fied by an orthopaedic surgeon (M.H.). Degenerative
changes were not found. Operative chart data included

MPFL graft type, presence of concomitant injuries, and
concomitant procedures.52

The patients were examined and queried regarding
redislocation, instability and subluxation events, revision
surgery of the same knee, intervention for suspicion of
growth disturbance, and surgery on the contralateral
knee. Subjective patient outcome and knee function were
obtained via Kujala, Lysholm, and Tegner scores that
were based on the most recent follow-up for all patients.
Patient-reported outcomes were assessed for all patients.
We further assessed whether patients had returned to
their preoperative preferred sports and, if so, whether
they were participating in their sport at the same level,
a lower level, or a higher level at the time of final follow-
up compared with their preoperative status.

Statistical Analysis

Statistics (mean, standard deviation, median, range, and
frequency) were analyzed for patient characteristics
(including age, sex, BMI, and activity level), details of
the ligamentous injury, imaging findings, operative
reports, and postoperative outcome scores. All patient
data were inputted and stored in Microsoft Excel (2010).
Data analysis was performed using Microsoft Excel and
SPSS (Version 28; IBM). The chi-square test and Fisher
exact test were used to evaluate nominal data. For statisti-
cal evaluation of nonparametric data, the Mann-Whitney
U test was used. A Student t test was used for parametric
data. The values of preoperative and postoperative Tegner
activity scores were compared using the Wilcoxon signed
rank test. Continuous variables were summarized as
mean, minimum, and maximum. Frequencies were used
to analyze nominal and ordinal variables. Kaplan-Meier
survival analyses were undertaken to delineate predicted
failure rates over time (Figure 5). All measurements
were made with results reported and rounded to the near-
est tenth. All calculations carried the same significant dig-
its after the decimal place until the result was reported to
the nearest tenth to maintain statistical accuracy. Because

Figure 4. Graft positioning in a skeletally immature patient. (A, B) Intraoperative images of patellar graft fixation. Two small K-
wires are positioned within the medial pole of the patella. Care is taken to not cross through the entire length of the patella
and thereby weaken it. (C) The correct, physeal-sparing entry point for femoral graft fixation. (D) Medial patellofemoral ligament
graft arthroscopically in typical position and depth.

AJSM Vol. 51, No. 6, 2023 MPFL Reconstruction in Skeletally Immature Patients 1517



of the explorative nature of this study, no adjustment for
multiple testing was made. All statistical tests were 2-
sided, and a P value \.05 was considered significant. The
results of all statistical tests are interpreted in an explor-
atory sense. Unless otherwise stated, descriptive data are
presented as mean 6 SD (range).

RESULTS

The study population consisted of 69 skeletally immature
patients (35 with open physes, 34 with partially open
physes) who sustained a traumatic patellar dislocation. A
total of 79 initial MPFL reconstructions were performed
on 79 knees (Table 1). Eight MPFL reconstructions were
performed after first-time dislocations in patients who
had already experienced failure of nonoperative treatment
contralaterally or required surgical intervention for con-
comitant pathologies such as a meniscal or ACL tear.
The remaining 71 procedures were carried out after failed
nonoperative treatment and recurrent dislocation. The
mean age of the cohort was 14.7 6 1.8 years (range, 8.5-
16.9 years), and 46 patients (66.7%) were female. The
mean follow-up after index surgery was 37.9 6 12.1
months (range, 24-85 months) (Table 1).

Preoperative anteroposterior and lateral radiographs
and MRI scans were available for all patients. The mean
anatomic tibiofemoral angle as measured on a standing
weightbearing image was valgus with an offset of 6� (range,
2�-8� valgus). The mean patellar height calculated using the
Insall-Salvati index was 1.3 (range, 0.8-1.8). A total of 46
knees demonstrated patella alta with an Insall-Salvati

index �1.2. The mean TT-TG distance of all 79 knees was
1.6 cm (range, 0.5-2.7 cm); 17 knees had a TT-TG distance
.2 cm. Trochlear dysplasia type A defined according to
Dejour was found in 29 knees; type B, in 31 knees; type C,
in 9 knees; and type D, in 10 knees (Tables 1 and 2).

Sixteen knees were concomitantly treated with TTO due
to an increased TT-TG distance. Four patients required
distal medial femoral guided growth procedures using the
OrthoPediatrics PediPlates for axis correction (Figure 2).
This procedure was carried out for correction of the tibiofe-
moral axis and not for treatment of patellofemoral instabil-
ity. In 4 patients and 5 knees, a loose osteochondral
fragment was reaffixed using bioabsorbable chondral
darts. Two patients were treated concomitantly with
matrix-induced autologous chondrocyte implantation
because of a chondral lesion of the patellar surface. One
patient was treated with osteochondral allograft trans-
plant for an osteochondral lesion of the lateral femoral con-
dyle. One patient sustained an ACL rupture at the time of
patellar luxation, which was addressed with an ACL recon-
struction, and 1 patient underwent a meniscal suture
(Table 1).

In total, 72 MPFL grafts were fixed in the distal medial
femoral condyle using an interference screw, 5 grafts were
anchored using suture anchors, and 2 grafts were fixed
using EndoButtons (Arthrex).
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Figure 5. Kaplan-Meier survival curve showing the survival
rate after medial patellofemoral ligament reconstruction in
the knee.

TABLE 1
Patient Dataa

Patient Characteristics Parameter Value

Patients, n 69
Knees with MPFLR, n 79
Age, y 14.7 6 1.8
Sex, n (%)

Male 23 (33.3)
Female 46 (66.7)

Side, n (%)
Right 37 (46.8)
Left 42 (53.2)

Body mass index 26.5 6 6.8
Concomitant procedure, n (%)

Meniscal suture 1 (1.3)
Tibial tubercle osteotomy 16 (20.3)
Hemiepiphysiodesis 4 (5)
Refixation of osteochondral fragment 5 (6.7)
OCA transplant 1 (1.3)
ACL reconstruction 1 (1.3)

Insall-Salvati index 1.26 6 0.22
TT-TG distance 1.64 6 0.48
Trochlear dysplasia, n

Type A 29
Type B 31
Type C 9
Type D 10

aData are expressed as mean 6 SD unless otherwise noted.
ACL, anterior cruciate ligament; MPFLR, medial patellofemoral
ligament reconstruction; OCA, osteochondral allograft; TT-TG,
tibial tuberosity–trochlear grove.
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Four MPFLs were reconstructed using a hamstring ten-
don allograft, whereas 75 reconstructions were carried out
using a gracilis tendon allograft. No autografts were used
in the present study.

Clinical Outcome

At the final follow-up, there were no cases of postoperative
stiffness requiring intervention. The clinical assessment did
not reveal any findings that suggested a postoperative axis
deviation of the leg in any patient. No clinically apparent
varus malalignment was encountered that would indicate
an injury of the medial part of the distal femoral physes
caused by the surgical procedure of MPFL reconstruction.
No growth impairment was noted indicating injury of the
physes. Eleven patients (15.9%) experienced a total of 13
redislocations after initial MPFL reconstruction, with 2
patients experiencing bilateral redislocation. One patient sus-
tained a nontraumatic transverse patellar fracture 6 months
after index surgery (Table 3 and Figure 5). All of these 12
patients underwent revision surgery. Six patients (7 knees)
were addressed with a sole MPFL reconstruction. In all 6
patients, a new adequate trauma was the reason for recur-
rent dislocation, and the surgery was carried out in the
same fashion as before using an allograft tendon. Two
patients were treated with an MPFL reconstruction in combi-
nation with a trochleoplasty, 2 patients received an MPFL
reconstruction with TTO, and 1 patient underwent open
reduction and internal fixation for a patellar fracture in the
setting of an intact and healed MPFL construct (Table 3).

When analyzing risk factors for failure, we noted differ-
ences for MPFL reconstruction in conjunction with TTO (n
= 16) compared with MPFL reconstruction without TTO
(n = 63). Eleven cases of recurrent dislocation were observed
in the group that was treated with MPFL reconstruction
alone, and no recurrent dislocation was noted in the TTO
group (P = .09). In 4 patients, an ipsilateral hemiepiphysiod-
esis was performed concomitantly with MPFL reconstruc-
tion because of a preoperatively existing malalignment of

the axis. In this group, 2 recurrent dislocations were
observed, leading to a higher failure rate compared with
the general study population (P = .15). One patient experi-
enced failure 6 months after index surgery, and 1 patient
experienced failure 25 months after hemiepiphysiodesis.
The first patient had a 6� valgus knee at 8-plate implanta-
tion and a 3� valgus knee at revision, indicating that com-
plete axis correction was not achieved at recurrent
dislocation. In the second patient, neutral leg alignment
was present at the time of failure. Patients with a BMI
�25 had a significantly higher failure rate than patients
with a BMI \25 (P = .04). We found no statistically signifi-
cant relationship between failure rate and TT-TG distance,
Dejour and Le Coultre dysplasia grade, Insall-Salvati ratio,
and sex (Table 4; see also Appendix Figure A1, available in
the online version of this article).

The mean Kujala score was 96.5 6 7.4 (range, 62-100) at
the final follow-up. The multiple linear regression model
did not reveal a significant relation between Insall-Salvati
index and Kujala score (P = .72) or preoperative TT-TG dis-
tance and Kujala score (P = .51) (Table 4).

The mean Lysholm score was 96.5 6 6.7 (range, 75-100)
at the final follow-up. The multiple linear regression model
did not reveal a significant relation between Insall-Salvati
index and Lysholm score (P = .51) or preoperative TT-TG
distance and Lysholm score (P = .24) (Appendix Figure
A2, available online).

TABLE 3
Complications and Reoperationsa

Patient No. Complication Reoperation

1 Recurrent dislocation Trochleoplasty, MPFL reconstruction

2 Recurrent dislocation TTO, MPFL reconstruction

3b Recurrent dislocation MPFL reconstruction

4 Patellar fracture Open reduction, internal fixation

5 Recurrent dislocation MPFL reconstruction

6b Recurrent dislocation MPFL reconstruction

7c Recurrent dislocation MPFL reconstruction

8c Recurrent dislocation MPFL reconstruction

9 Recurrent dislocation MPFL reconstruction

10 Recurrent dislocation MPFL reconstruction

11 Recurrent dislocation Trochleoplasty, MPFL reconstruction

12 Recurrent dislocation TTO, MPFL reconstruction

aMPFL, medial patellofemoral ligament; TTO, tibial tubercle osteotomy.
bBilateral recurrent dislocation.
cBilateral recurrent dislocation.

TABLE 4
Multiple Linear Regression Model to Assess

the Influence of Patellar Height (Insall-Salvati
Index) and TT-TG on the Kujala Scorea

Regression Coefficient P 95% CI

TT-TG –1.26 .51 –4.92 to 2.43
Insall-Salvati –1.65 .72 –9.80 to 6.53

aTT–TG, tibial tuberosity–trochlear groove distance. TT–TG
represents the groove distance on the Kujala score. The Insall-
Salvati index represents the influence of patellar height on the
Kujala score.

TABLE 2
Radiographic Parametersa

Redislocation
(n = 13)

No Redislocation
(n = 66) P

Trochlear dysplasia .62
Type A 4 (30.8) 25 (37.9)
Type B 6 (46.1) 25 (37.9)
Type C 2 (15.4) 7 (10.6)
Type D 1 (7.7) 9 (13.6)

Trochlear dysplasia .69
Type B or higher 9 (69.2) 41 (62.1)
Lower than type B 4 (30.8) 25 (37.9)

I-S, mean 6 SD 1.3 6 0.2 1.3 6 0.2 1
Patellar height .44

I-S \1.2 4 (44.4) 29 (78.4)
I-S �1.2 (patella alta) 9 (56.6) 37 (21.6)

aData are expressed as n (%) unless otherwise noted. I-S, Insall-
Salvati ratio.
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The activity levels according to the Tegner activity score
were 5.0 6 1.2 (range, 2-7) preoperatively and 4.9 6 1.3
postoperatively (range, 2-7). The difference between the
variables was not statistically significant (P = .87). A total
of 49 patients maintained their activity level after surgery,
whereas 6 patients reported a lower level of activity than
preoperatively. Eight patients reached a higher activity
level after MPFL reconstruction than they maintained
before the injury (Appendix Figure A2, available online).

In total, 63 patients were engaged in sports preopera-
tively. Of these, 57 patients returned to sports postopera-
tively, whereas 6 patients did not reengage in sports at the
time of final follow-up. Four patients stated that they quit
sports due to graduation from high school and the resulting
lack of organized sports events, and 2 patients reported insuf-
ficient time for athletic endeavors. No patients cited knee-
related causes. The return-to-sports rate was 90.5%. The
patients who returned to sports did so at a mean of 6.1
months (range, 5-13 months) after index surgery. Patients
returned to a wide range of athletic activities, including rec-
reational, high school, and Division I college level. The sports
represented by this cohort included basketball (n = 5; 9%),
volleyball (n = 13; 23%), soccer (n = 5; 9%), football (n = 5;
9%), wrestling (n = 3; 5%), baseball (n = 2; 4%), dancing (n
= 7; 12%), track and field (n = 6; 11%), gymnastics (n = 3;
5%), and multiple sports (n = 8; 14%).

Subgroup Analysis. A total of 44 patients underwent
MPFL reconstruction without concomitant procedures. Of
these patients, 7 had bilateral MPFL reconstructions,
resulting in a total of 51 surgeries. The mean age of the
cohort was 14.3 6 1.9 years (range, 8.5-16.8 years), and
30 patients (71.4%) were female. The mean follow-up after
index surgery was 3.4 6 1.1 years (range, 2.0-7.1 years). In
this cohort, 9 patients (20.5%) experienced failure and had

a redislocation. We noted no significant difference between
groups with and without concomitant procedures in terms
of survival (P = .16) (Figure 6).

A univariate analysis of hazards for failure based on
patient-specific variables was carried out. A BMI �30 con-
veyed a hazard ratio of 2.51 (95% CI, 0.63-10.1; P = .19),
and the TT-TG distance by increments of 1 mm was asso-
ciated with a hazard ratio of 2.02 (95% CI, 0.51-8.11; P =
.32) (Table 5 and Figure 7).

DISCUSSION

In the present study, we reported the results of anatomic
reconstruction of the MPFL using exclusively allograft ten-
don with mostly femoral interference screw fixation distal
to the open femoral physis in skeletally immature patients.
This treatment modality was shown to be safe and effective
in children and adolescents with open growth plates.
Although MPFL reconstruction in skeletally mature
patients has been shown to produce reliable and safe
results, data on MPFL reconstruction in children are
scarce and often limited to small case series in which auto-
grafts are used.14,40,49,57 To the best of our knowledge, this
is the largest case series to date to investigate the use of
allograft tendon for anatomic MPFL reconstruction in an
exclusively skeletally immature patient cohort and report
patient-reported outcome scores.

The MPFL was previously found to be responsible for
40% to 80% of the medial stability of the patella, leading
to the introduction of MPFL reconstruction for patellar
instability 2 decades ago.14,23,24 Before this shift of para-
digm, the tibial tubercle transfer, initially described in
the 1970s, was considered the best option for treatment
for recurrent patellar dislocations in the presence of an ele-
vated TT-TG distance and/or patella alta.16 Both treatment
options coexist and potentially can be combined for
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Figure 6. Kaplan-Meier survival curves showing the survival
after medial patellofemoral ligament reconstruction in
patients with and without concomitant procedures.

TABLE 5
Univariate Analysis of the Hazards for Failure Based on

Patient-Specific Variablesa

Variable

MPFLR Without Concomitant Surgery

HR 95% CI P

Age at index surgery 0.83 0.62-1.12 .23
Sex, male 0.81 0.16-3.92 .77
BMI 1.11 0.98-1.19 .11
BMI �30 2.51 0.63-10.1 .19
Laterality, right 1.65 0.14-6.62 .48
TT-TG distance 2.02 0.51-8.11 .32
TT-TG distance �15 mm 1.08 0.26-4.5 .92
TT-TG distance �20 mm 1.21 0.24-6.0 .82
I-S ratio 0.42 0.02-9.54 .59
I-S ratio �1.2 1.23 0.29-5.14 .78
I-S ratio �1.5 0.94 0.11-7.73 .96

aBMI, body mass index; HR, hazard ratio; I-S, Insall-Salvati;
MPFLR, medial patellofemoral ligament reconstruction; TT-TG,
tibial tubercle–trochlear groove.
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recurrent patellar dislocation. Berton et al11 recently dem-
onstrated that combined MPFL reconstruction and TTO
avoid focal patellar overload in the setting of elevated
TT-TG distances. However, only a few studies have ana-
lyzed the results of MPFL reconstruction with and without
TTO.26,46,63 In the present study, we evaluated the sub-
group of MPFL reconstruction with concomitant TTO. Sec-
ondarily, we evaluated the effect of patellar height and TT-
TG on clinical results. Of 16 MPFL reconstructions per-
formed concomitantly with TTO, no clinical failure defined
as redislocation or revision was observed. These findings
are consistent with previously published studies that
reported excellent results of the combination therapy in
adults.26,46 No significant correlation between preopera-
tive patellar height and TT-TG distance with clinical out-
come was observed in our cohort. However, preoperative
measurements were used to calculate the influence of
TT-TG distance on patient-reported outcomes. It is possi-
ble that TTO in 16 cases influenced these parameters.
The results correspond with the findings of former studies
that did not find a causal relationship between the varia-
bles.26,35 These findings imply that primary correction of
patellar height is not necessary when performing an
MPFL reconstruction.

In patients with open growth plates, the proximity of
the ideal anatomic MPFL insertion point and the physes
has to be taken into account, which results in a challenging
femoral fixation of the MPFL and the proposed use of dif-
ferent fixation techniques. Lind et al39 addressed this ana-
tomic concern and investigated the use of femoral soft
tissue graft fixation in pediatric patients. Those authors
reported a revision rate of 21% after a nonbony fixation
and concluded that other fixation techniques such as drill
hole fixation should be considered. Nelitz et al49 showed
that using drill hole fixation in combination with a biode-
gradable interference screw placed distal to the physes
was a safe procedure with good clinical results. The pres-
ent study using an anatomic bony femoral fixation of the
graft distal to the physes demonstrated excellent clinical
results with no observed growth disturbance. The findings
correspond to those of Camp et al,15 who reported that

failure to restore anatomic femoral insertion was the
main risk factor for failure of MPFL reconstruction. If
the femoral insertion point is chosen too proximal and
therefore is nonanatomic, then overtightening of the
MPFL in knee flexion will occur, which will lead to
increased contact stress of the bony partners of the
joint.12,25 Kepler et al37 determined the distance between
the femoral MPFL insertion and the medial distal femoral
growth plate on MRI scans. Those investigators showed
that the femoral MPFL insertion was located 5 mm distally
from the femoral growth plate, which confirms the radio-
graphic landmarks published by Schöttle et al.64 A large
number of publications have reported results of anatomic
reconstruction of the MPFL in children and adolescents.
However, to the best of our knowledge, the current investi-
gation is the largest study reporting results of anatomic
reconstruction of the MPFL considering the relation
between the femoral insertion point and distal femoral
physis in skeletally immature patients. Femoral graft fixa-
tion was in most cases (n = 72) achieved using a biodegrad-
able interference screw. No case of growth disturbance was
clinically observed, and no further intervention was under-
taken because of impaired growth of the operated extrem-
ity. These results are in line with the outcomes of other
studies and indicate that bony femoral fixation distal to
the femoral growth plate is a safe and reliable tech-
nique.49,50,70 Therefore, femoral soft tissue graft fixation
or nonanatomic techniques such as adductor magnus
tenodesis or dynamic stabilization are not necessary to
avoid injury of the femoral growth plate.6,9,39,67

In terms of patellar graft fixation, a variety of drill hole
techniques both with and without implanted hardware
have been described.14,39,49 Regardless of tunnel size or
tunnel position, high complication rates have been
reported due to the smaller size of the pediatric patella
compared with the adult patella.60 An unacceptably high
risk of patellar fractures stemming from the use of trans-
verse patellar tunnels has been previously reported, indi-
cating that alternative fixation methods are warranted.60

In the current study, suture anchors were used in most
cases to fix the allograft to the patella, resulting in a low
rate of patellar fracture of 1.3% (n = 1).

Redislocation occurred in some patients, and a predictor
for worse clinical outcomes was a preoperative BMI of �25.
The overall complication rate of this study of 15.2% (12/79)
was comparable with other studies on the subject. Schlum-
berger et al61 reported on 49 skeletally immature patients
treated with MPFL reconstruction and noted a complica-
tion rate of 12.2%. However, patients in that study were
treated with isolated MPFL reconstruction irrespective of
patellar height and trochlear dysplasia, and no concurrent
procedures were performed. Furthermore, those investiga-
tors reported on outcomes after reconstruction using graci-
lis tendon autograft. In our cohort, 44 procedures were
performed as isolated MPFL reconstructions using allo-
graft tendon without any concomitant procedures. Patients
from this cohort had a mean Lysholm score of 96.5, a Kujala
score of 95.9 and a Tegner score of 4.8 at a mean follow-up
of 3.4 years. Schlumberger et al reported a Tegner score of
6.3, a Lysholm score of 95.9, and a Kujala score of 97.9 at

Figure 7. Forest plot displaying the risk ratio for failure by
risk factor. BMI, body mass index; I-S, Insall-Salvati; TT-
TG, tibial tubercle–trochlear groove.
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a mean follow-up of 4.3 years. Therefore, the patient-
reported outcomes of both cohorts show similar results,
highlighting the stable results after the use of allograft
tendon in our cohort of skeletally immature patients.
Allahabadi and Pandya3 reported a complication rate of
16.7% in a recently published small case series on isolated
MPFL reconstruction in skeletally immature patients.
Those investigators reported on 9 skeletally immature
knees, of which 3 (33.3%) had instability events. This num-
ber is much larger than that in our cohort of isolated MPFL
reconstructions, in which 20.5% of patients experienced
instability events after index surgery. Shah et al65 con-
ducted a systematic review on MPFL reconstructions
mainly in adult patients and reported an overall cumula-
tive complication rate of 26.1%. However, Nelitz et al49

noted no redislocations after MPFL reconstruction using
a similar technique in 21 skeletally immature patients
with open growth plates. The group included far fewer
cases than the current study, and patients with increased
femoral anteversion, genu valgum, and underlying syn-
dromes associated with ligament laxity were excluded. A
redislocation rate of 9.3% after a mean follow-up of 2.2
years was reported by Uppstrom et al70 in their study on
49 skeletally immature patients who underwent MPFL
reconstruction. In general, redislocation rates between
studies are difficult to compare because of heterogeneous
populations with the potential influence of torsional leg
deformities and frontal leg axis. These parameters were
not systematically assessed in the present study.

In the current cohort, allograft tendons were used exclu-
sively. Gracilis tendon allografts were used in the majority
of patients (n = 75), whereas 4 knees were treated with
hamstring tendon allograft. In a recent review (7 studies,
132 MPFL reconstructions), Shamrock et al66 assessed
MPFL reconstruction in skeletally immature patients. All
grafts included in the systematic review were autografts,
and the rate of recurrent instability was 15.2%. Although
clinical scores and redislocation rates were comparable
with those of the present study, the use of allografts
reduces morbidity, operating time, and incision length.
Following this line of thought, Hohn and Pandya34

reported on 23 pediatric and adolescent patients who
underwent MPFL reconstruction with gracilis allograft
for traumatic patellar instability. Those investigators
found that 17% of patients had complications: 2 repeat epi-
sodes of patellar instability, 1 patellar fracture, and 1
symptomatic hardware requiring interference screw
removal. No patients developed arthrofibrosis or infection.
Considering the comparable results of graft types, a conclu-
sion can be drawn that if allografts are available, their use
is safe and effective and provides a viable alternative to
autograft tendons.

It remains controversial whether MPFL reconstruction
should be carried out as a stand-alone procedure in chil-
dren and adolescents or whether concurrent procedures
should be routinely performed to generate better surgical
results.18,42,43 In an effort to gather further evidence, the
JUPITER (Justifying Patellar Instability Treatment by
Early Results) trial was initiated as the first prospective

multicenter trial to compare the safety and efficacy of (1)
nonoperative treatment, (2) isolated MPFL reconstruction,
and (3) individualized surgical approach to treat patellar
instability with a combination of MPFL reconstruction
and concomitant procedures.27,28 The final results of the
JUPITER study are currently outstanding. In the present
study, we did not see significant differences in terms of fail-
ures and survival in the subgroup analysis of our cohorts
treated with MPFL reconstruction alone or with MPFL
reconstruction in combination with other procedures.

A major strength of this study is the large number of
included skeletally immature patients. All patients were
assessed using preoperative MRI, and growth plate status
was determined via review of tomography sequences.
Another factor rendering this study relevant is the avail-
ability of preoperative MRI scans and radiographs for all
examined patients, allowing for assessment of potentially
relevant risk factors for patellofemoral instability. Further-
more, conclusive clinical follow-up with a mean of 37.9
months was provided for all patients. However, several lim-
itations must be acknowledged. The study is limited by its
unblinded and retrospective design. Furthermore, only mid-
term results were available, so no conclusion can be drawn
regarding long-term stability rates. Another limitation of
the study design is the lack of a control group. As pointed
out above, MPFL reconstruction has been established as
the standard procedure for patellofemoral instability. His-
torically performed procedures, such as patellar reefing
and lateral release, have been abandoned as a stand-alone
form of therapy. Therefore, no control group was available
or created, due to the lack of alternative treatment modali-
ties with promising outcomes.

The current study highlights the excellent clinical
results that can be achieved with MPFL reconstruction
using a tendon allograft with bony fixation in the femoral
socket distal to the physes in skeletally immature patients.
However, redislocation and recurrent instability are com-
plications that occur in roughly 15% of patients. These
results may provide the surgeon with evidence when coun-
seling patients and parents on treatment decisions and
help in reaching a shared decision considering the expected
results.

CONCLUSION

Anatomic reconstruction of the MPFL using an allograft
tendon is a safe and effective treatment for patellofemoral
instability in skeletally immature patients, irrespective of
patellar height and trochlear dysplasia. The procedure
results in high clinical satisfaction based on Lysholm,
Kujala, and Tegner scores and permits patients to return
to organized sports regularly within a short amount of
time. When MPFL reconstruction is carried out in combi-
nation with TTO in the setting of an elevated TT-TG dis-
tance, excellent results can be expected. Redislocation
still occurs in a certain number of patients, and a higher
BMI is a predictor of a worse clinical outcome.
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