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Abstract

Purpose of Review To update and concepts for pediatric physeal-sparing patellofemoral stabilization surgery.

Recent Findings Recent studies have demonstrated positive results in patellofemoral stabilization in pediatric populations
with physeal-sparing techniques that limit the potential for physeal damage. Comprehensive analysis remains limited by
population and technique heterogeneity.

Summary Physeal-sparing patellofemoral stabilization, most significantly through physeal-sparing reconstruction of
the medial patellofemoral ligament complex remains a viable option for pediatric patients with recurrent patellofemoral

instability.

Keywords MPFL - Patellar instability - Pediatric - Physis

Introduction

The stability of the patellofemoral joint involves a complex
interaction of dynamic joint forces extending above and
below the knee. Patellofemoral instability often presents as
a traumatic occurrence resulting in lateralization of patellar
tracking within the trochlear groove and distal femur with
flexion, occurring at an incidence of 23.2 per 100,000 person-
years, with the highest incidence between ages 14 and 18
[1]. A single occurrence of lateral patellar dislocation has
been shown to rupture the medial patellar tissues between
78 and 100% of the time [2—4]. This includes the strongest
attachment at the medial patellofemoral ligament (MPFL)
as well as additional tissue proximally and distally making
up the medial patellofemoral complex (MPFC) of the knee
[5, 6¢]. While nonoperative management has been shown to

< Tyler J. Stavinoha
Tyler.stavinoha@bcm.edu

Kevin G. Shea

Kevin.shea @stanford.edu; kgshea@stanford.edu

Baylor College of Medicine, Children’s Hospital of San
Antonio, San Antonio, TX, USA

Stanford University, Lucile Packard Children’s Hospital,
Palo Alto, CA, USA

Center for Academic Medicine, Stanford University School
of Medicine, Palo Alto, CA, USA

@ Springer

have positive outcomes in certain populations, particularly
in first-time dislocators [7, 8], risk factors have significantly
increased the chances of recurrent patellofemoral instability.
These include younger age, trochlear dysplasia, patella alta,
rotational or coronal malalignment, or ligamentous laxity [8].

Hundreds of techniques [9] have been described to surgi-
cally stabilize the patellofemoral joint (Fig. 1). These have
variably addressed a [10ee] range of interventions from
simple lateral retinacular release [11] to soft tissue recon-
struction [12-15], realignment procedures [16], or trochlear
reshaping procedures [17], rotational realignment [18, 19],
or even the guided growth [20-22]. While isolated soft tissue
procedures have shown poor results for patients with bony
abnormalities [23, 24], the best approach for each patient,
in each individual scenario, has not been clearly defined.

The cornerstone of patellar stabilization procedures
remains MPFL reconstruction [25]. Traditional reconstruc-
tion in the setting of skeletal immature confers unique risks
both at the origin and insertion. On the femur, the MPFL
insertion is in close proximity to the distal femoral phy-
sis. On the patella, smaller osseous pathways may increase
the risk for patellar fracture [26]. More broadly, pediatric
patients may have higher levels of activity, and a higher inci-
dence of anatomic predisposing factors such as trochlear
dysplasia, patella alta, or increased tibial tubercle — trochlear
groove (TT-TG) distance [27ee].

Surgical techniques developed to address these chal-
lenges are varied. Examples include the use of all-epiphyseal
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Fig. 1 Historical techniques of
distal extensor mechanism soft
tissue realignment
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Myers 1993

blind-socket femoral tunnel drilling, use of suture anchors
[28], pedicled adductor magnus tendon [29, 30], or use of
soft tissue pulley at the adductor [31, 32] or medial collateral
ligament [33]. To limit complications at the patellar inser-
tion, options may include MQTFL reconstruction [5, 34,
35], or quadriceps turn-down technique [36]. While study
heterogeneity has limited the ability to consistently demon-
strate a single technique’s superiority, each may highlight
important principles in a surgeon’s approach to optimally
treating patellar instability in the skeletally immature knee.

Pediatric MPFL Anatomy

Osseous anatomy and proximity to the physis present
unique challenges to patellar stabilization in the skeletally
immature knee.

The anatomy of the MPFL in relation to the distal femoral
physis has been evaluated by several studies [37—44]. Sochacki
et al [10ee] performed a systematic review of the relationship
between the MPFL origin and the distal femoral physis, includ-
ing seven studies and 298 femurs. Six of seven studies reported
the MPFL origin distal to the physis at a mean distance of
6.9 mm. While a guide pin placed at Schottle’s point may
appear proximal to the distal extent of the physis on a true lat-
eral view [45, 46], the peripheral flare of the physis in actuality
places the insertion within the epiphysis, distally, which pro-
vides surgical options for physeal-sparing epiphyseal socket.

To evaluate the clinical outcomes of a blind femoral
epiphyseal socket, Upstrom [47] studied 54 patients over
nine years with follow-up MRIs or scanograms. Epiphyseal
drill holes at the anatomic insertion of the MPFL were
found to be 1.9 mm to 12 mm from the physis and epiphy-
seal sockets resulted in no growth arrests during the study
period. Several studies have evaluated the most appropriate
trajectory. Irarrazaval [48e] evaluated 80 MRIs with varied
trajectories of a 20 mm deep socket and found the worst
percent disruption when directed 3 degrees cephalic and
15 degrees posterior, while the safest trajectory was 30—40
degrees distal and 5-35 degrees anterior. Guidelines to aim
distally and anteriorly are corroborated by Nguyen [42]
who performed a cadaveric study evaluating 8 X 20 mm
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tunnels and found that if angled less than 10 degrees, 41%
violated the growth, while 40% of tunnels that were angled
greater than 10 degrees distally would violated the notch
if angled less than 10 degrees anterior. The resulting rec-
ommendations from this study included the use of an epi-
physeal tunnel angled 15-20 degrees both anteriorly and
distally. Based on this data, an epiphyseal socket for MPFL
reconstruction is a viable option, although surgeons should
be aware of the close proximity to the physis and risk of
growth arrest.

The MPFL has been shown to insert onto the mid to
proximal portion of the patella, approximately 41% down
from the superior pole of the patella [49]. Shea [50] per-
formed a cadaveric study of the MPFL insertion on pediat-
ric knees and found the insertion spanned a mean of 41% (
range 24-63%) of the longitudinal width of the patella. In
addition, the MPFL itself has been shown to be a component
of a broader insertion both above and below the supero-
medial border of the patella, making up, more broadly, the
medial patellofemoral ligament complex (MPFC) [51]. Fib-
ers of the medial structures have been shown to extend to
the quadriceps tendon, specifically the vastus intermedius
[52] and this has been further supported by pediatric cadav-
eric studies [50]. Notably, pediatric patients may have added
risks secondary to patellar size. Parikh [53] found a 6.5%
incidence of patellar fracture with gracilis bone tunnels in
the fracture. In turn, several techniques have attempted to
utilize this broader patellar and quadriceps tendon insertion
to minimize this risk. Options include quadriceps turndown
[54], or double-limbed graft with one of two limbs inserted
onto the quadriceps tendon [35].

Graft Choice

Both autograft and allograft options have been described
and remain viable options for MPFL reconstruction. A sys-
tematic review [55] of MPFL reconstructions with both
autograft and allograft found no preference based on graft
type; however, they did note autograft donor site morbidity.
In contrast to studies that have demonstrated inferiority for
allograft in ACL reconstruction [56], allograft appears to
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provide a viable option, and options may include gracilis,
semitendinosis, tibialis anterior, or tibialis posterior.

Outcomes of Pediatric MPFL Reconstruction

Although several studies report positive short- and mid-term
outcomes [57, 58ee¢], isolated MPFL reconstruction has been
shown to have failure rates up to 26% [59]. With varied tech-
niques and patient populations [60] it remains difficult to
draw clear superiority of one technique.

In addition, defining failure may be a limitation of his-
torical data, with several studies suggesting that recurrent
patellar dislocation may be a limited surrogate for patient
outcome. Recent studies include Rueth et al [58ee] who pre-
sented 101 patients with an average follow-up of 32 months
and found only one redislocation, 0.9%. However, only 86%
were very satisfied or satisfied with the procedure, and while
86% returned to sport, only 55% achieved a former level of
sport. Similarly, Manjunath [61] performed a systematic
review and found that only 68% of patients were able to
return to play after MPFL reconstruction.

Fig.2 demonstrates trans-
epiphyseal guidepin place-

ment for all-epiphyseal MPFL
femoral socket. This may be
performed with careful attention
to anatomic MPFC insertion
distal to the medial flare of the
distal femoral physis
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Comprehensive stabilization may seek to address pre-
disposing pathologies such as lateral retinacular tightness,
patellar tilt, trochlear dysplasia, patella alta, or increased

Q-angle.

Coronal Alignment and Growth Modulation

Coronal plane angular deformity is well-described in the
pediatric literature. This has subsequently been associated
with increased Q-angle and recurrent patellar instabil-
ity [62]. Options for growth modulation with open physes
include guided growth through percutaneous transphyseal
screws [63] or tension band plates [64]. Several studies have
demonstrated improved patellar stabilization with correc-
tion of coronal alignment, with success rates between 66
and 88% [21, 22, 65]. Nearing skeletal maturity, coronal
angular deformity correction requires osteotomy. Wilson
[66] presented 11 patients treated with distal femoral valgus
osteotomy, achieving a mean of 10.4 degrees of correction,
and found 70% of patients achieved good to excellent func-
tion and 80% without further episodes of instability. Further
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T|It From Roux—GoIdthwalt

Fig.3 Model of tilt induced from Roux-Goldthwait, in which the
lateral half of the patellar tendon insertion is detached and passed
underneath attached medial half to create effective extensor mecha-
nism medialization

studies are needed to understand the importance of interven-
tion in the pediatric population.

Distal Realignment Techniques

For complex adult patellofemoral stabilization, predisposing
pathologies such as trochlear dysplasia, increased Q-angle and
increased TT-TG distance may be addressed with distal rea-
lignment by way tibial tubercle osteotomy [67] (Fig. 1). This
procedure typically includes medialization or anteromedializa-
tion of the patellar tendon insertion, notably with the potential
for increased complication rate, pain, or requiring prolonged
rehabilitation [68]. However, in skeletally immature patients
with open distal tibial physis, this is contraindicated.

In skeletally immature patients, options may include com-
plete patellar tendon transfer, or Roux-Goldthwaite tendon
transfer, which includes transferring the lateral half of the
patellar tendon, passing underneath the remaining medial
half, and fixing to medial soft tissues [69, 70]. The limi-
tations of Goldthwaite include extensive dissection, com-
plete tendon release, the possibility of inducing patellar
tilt (Fig. 3). Below, the authors’ preferred technique which
includes partial patellar tendon medialization, concurrent
with anatomic, physeal-sparing MPFC reconstruction.

Authors’ Preferred Technique

We describe our technique for patellar stabilization that
includes physeal-sparing MPFC reconstruction, including
both the MPFL and MQTFL, as well as physeal respecting
distal realignment of the patella tendon insertion. The aim of

Vastus Intermedius .
Physis

Physis —

Posterior Tibialis
Allograft

Suture Anchor
Triangular
Configuration

Footprint

Fig.4 Model of author’s preferred technique of extraphyseal MPFC
reconstruction with partial patellar tendon medialization (PPTM)
(right knee). The posterior tibialis allograft is placed distal to the
medial flare of the distal femoral physis and inserts on the proximal
third of the patella and the distal vastus intermedius. This anatomi-
cally reconstructs both the MPFL and the MQTFL. The vastus media-
lis and the vastus lateralis are not pictured. The PPTM utilizes a tri-
angular configuration of suture anchors placed with fixation to the
elevated medial footprint, tied with a modified Krakow technique

our technique is to comprehensively address the components
to patellofemoral instability in the pediatric patient. Figure 4
represents the combined all-epiphyseal MPFC reconstruc-
tion along with a novel extensor realignment involving par-
tial patellar tendon medialization (PPTM).

MPFC Reconstruction

Following initial arthroscopic evaluation, MPFC reconstruc-
tion is performed. The present technique reconstructs both
the medial patellofemoral ligament (MPFL) and medial
quadriceps tendon femoral ligament (MQTFL) using single-
strand posterior tibialis tendon allograft.

In skeletally immature patients, the femoral insertion is
secured first. The narrowed (distal) end of a posterior tibi-
alis allograft is placed at the femoral origin of the MPFL,
between the adductor tubercle and medial epicondyle. This
is be identified with direct palpation as well as identifica-
tion of Schottle’s point [71] on a true lateral radiograph.
In skeletally-immature patients, this point appears close to
the level of the physis on the lateral view [45]. However,
on an anteroposterior view or notch view, this point will be
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shown to be in fact distal to the physis, which flares proxi-
mally from its center towards the periphery of the meta-
physis [47, 71]. This flaring allows all-epiphyseal femoral
tunnel placement when indicated to prevent tunnel drilling
across the physis. This is performed using an epiphyseal
socket, a tenodesis anchor with a closed eyelet, as has been
described in detail previously [14, 47, 72].

As an alternative to a blind socket, a trans-epiphyseal
guide pin may be placed starting at Schottle’s point and
passing across the epiphysis. Care must be taken to not dis-
rupt the physis proximally, the notch distally, or the troch-
lea anteriorly (Fig. 2**). Notably, on a true lateral radio-
graph, Schottle’s point may appear directly in line with
the physis, whereas an anteroposterior (AP) view will
demonstrate it is distal to the medial flare of the physis,
which lies proximal to the true insertion of Schottle’s point.
Physeal-sparing MPFC reconstruction is be indicated in
patients with significant growth remaining with neutral or
varus coronal alignment.

Disruption of the medial distal femoral physis could
result in progressive genu varum, which may be protective
against patellar instability in the setting of genu valgum,
or in patients closer to skeletal maturity. Therefore, tradi-
tional transphyseal drilling may be an intended procedural
step to effectively induce hemiepiphysiodesis towards the
end of growth. However, in this, overcorrection may also
be a concern. Our preference is to perform physeal-sparing
reconstruction when a patient has neutral alignment and two
or more years of growth remaining. However, universal indi-
cations for all-epiphyseal versus transphyseal MPFC recon-
struction have not been established.

Once secured to the femur, the flared end of the graft
will be in an extracapsular fashion a medial and proximal
parapatellar incision in preparation for patellar fixation.
The patellar insertion is prepared by a 2.5 cm incision just
lateral to the medial border of the patella. The thick medial
parapatellar retinaculum can distort the medial border of
the patella and attention is directed to sharply dissecting
down to bone along the medial patella, elevating a small
initial flap of periosteum overlying the anterior bone
(Fig. 3). Proximally in the incision, the distal quadriceps
tendon is identified. A 1 cm incision is made through the
medial quadriceps tendon in order to elevate the vastus
medialis obliquus (VMO) as a full-thickness flap. In our
experience, this facilitates later VMO advancement and
assists in the identification of the potential space between
the first and second layers of the knee for graft passage.
The VMO and medial retinacular flap are elevated, with
careful cauterization along medial patella remaining out-
side the capsular layer. The articular margin of the medial
patellar facet can often be palpated through the thinnern
capsule once the thick overlying tissue is elevated, without
direct visualization which would require arthrotomy.

@ Springer

The patellar insertion of the MPFL has been reported pre-
viously extensively in the literature [50, 73]. Recent studies
have expanded the understanding of the medial soft tissue
constraints of the patella and our technique combines recrea-
tion of the MPFL as well as the MQTFL proximal insertion
onto the vastus lateralis [6®].

Patellar fixation (Fig. 4) is performed with two-three
suture anchors placed at the proximal 60% of the medial
border of the patella, anterior to the articular cartilage sur-
face. The anchors are oriented in an anterolateral direction,
to be directed away from the cartilage surface of the patella.
A third attachment is placed at the vastus intermedius ten-
don, just proximal to the insertion on the superior pole of
the patella, beneath the vastus medialis muscle belly. This
recreates the anatomic flared insertion of the MPFC along
the proximal patella and quadriceps tendon. In addition to
anatomically reconstructing the entire extent of the MPFC
patellar insertion, this technique minimizes the risk of patel-
lar fracture that has been reported in up to 6.5% [26] of
MPFL reconstructions in younger, smaller patients using full
patellar drill holes and graft passage. During fixation, the
knee is placed at 50 degrees of knee flexion to engage and
‘center’ the patella within the trochlea, and modified Krakow
sutures (Fig. 5) are placed through the appropriate points of
the graft. This allows secure fixation without overtensioning.
Initially, single knots be placed to check patellar tracking
through the knee range of motion. These may be untied if
altered tension is desired, or reinforced with alternating half-
hitches to finalize fixation.

Partial Patellar Tendon Medialization

Following MPFC reconstruction, a 2.5 cm incision is made
over the distal fourth of the palpated patellar tendon and
its insertion at the tibial tubercle (Fig. 6). A self-retaining
retractor is placed and similar to the parapatellar incision
is utilized to mobilize the incision to identify proximally
and distally, limiting the necessary extent of skin incision.
Sharp dissection through the skin and subcutaneous tissue is
performed with attention to identify any crossing branches
of the infrapatellar branch of the saphenous nerve. The para-
tenon is incised, and the medial and lateral borders of the
distal patellar tendon are confirmed and a midline incision
is made sharply through the distal tendon to the level of the
cortical bone and periosteum. This extends proximally and
distally to release the patellar tendon footprint slightly above
the most proximal attachments of the patella tendon to the
tibia tubercle. The patellar tendon inserts at the level of the
tibial tubercle, with strong anterior attachments to the ante-
rior tibial periosteum. Proximally, the retropatellar fat pad
is left intact. An allis clamp facilitates lifting of the medial
tendon and a sharp 15-blade knife is utilized to cleanly ele-
vate the medial 50% of the patella tendon footprint off the
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Fig.5 demonstrates the planned surgical incisions (A), intraoperative visualization of patellar tendon footprint insertion (B), finalized construct

following suture anchor fixation (C), and postsurgical scars (D)

tubercle. Particularly in younger patients, the patella ten-
don is contiguous with a very thick and substantial layer of
periosteum, which although elevated off the anterior aspect
of the tibia, allows the periosteal sleeve to remain securely
attached to the tibia distally. The goal of this elevation is to
elevate the patella tendon adequately to allow 10-15 mm of
medialization of the patellar tendon footprint without dis-
ruption of the distal attachment of the footprint (Fig. 4C).
Approximately 15 mm of proximo-distal footprint peel typi-
cally permits approximately 8-15 mm of medialization. The
lateral half of the patella tendon is left completely intact and
attached to the tibia. Again, the distal periosteal attachment
and even the most distal footprint fibers of the medial half
of the footprint remain intact.

Once the elevation of the footprint is sufficient to per-
mit medialization, suture anchors (FiberTak, Arthrex) are
placed in a triangular pattern in order to medialize the

medial patellar tendon footprint. This is arranged with the
apex pointing medially. Three suture anchors are placed and
passed sequentially to medialize the medial patellar tendon
footprint. Sutures are passed in a modified-Krackow suture
configuration and tied on the undersurface of the tendon,
placing the knots below the tendon/periosteal sleeve eleva-
tion layer.

The tibial incision is closed in layers. Prior to closure of
the medial parapatellar incision, the vastus medialis native
MPFL layer is advanced and secured in a standard fashion.
Arthroscopy is performed to ensure appropriate post-oper-
ative patellar tracking. The patella should engage smoothly
in the central trochlea at approximately 25 to 30 degrees
of knee flexion without patellar tilt of overtensioning that
may cause medial patellofemoral arthrosis (Fig. 6). Approxi-
mately two quadrants of lateral patellar mobility should be
expected with stress while knee is extended.

Fig.6 Sequential arthroscopic visualization of the patellofemoral joint A before patellar reconstruction, B after comprehensive patellofemoral
stabilization, and C dynamic evaluation of knee flexion to 30 degrees showing centralized tracking of the patella within the trochlea

@ Springer



604

Current Reviews in Musculoskeletal Medicine (2023) 16:598-606

Conclusion

Approaches to pediatric patellofemoral stabilization utilize
common principles of patellar stabilization within the con-
text of smaller patient size, the presence of open physes, and
the potential for increased risk factors for treatment failure.
A careful understanding of the relevant anatomy may per-
mit anatomic reconstruction of the medial patellofemoral
complex, while nonanatomic procedures such as distal rea-
lignment through partial patellar tendon medialization may
allow surgeons to comprehensively address relevant pathol-
ogies. Patellar stabilization remains viable for skeletally
immature patients with recurrent patellofemoral instability.
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