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Roux-Goldthwait and Medial Patellofemoral
Ligament Reconstruction for Patella Realignment in

the Skeletally Immature Patient

Myra Trivellas, M.D., Armin Arshi, M.D., and Jennifer J. Beck, M.D.
Abstract: Surgical management of patellofemoral instability is technically challenging in skeletally immature patients.
Special considerations in this population include activity and sports limitations, recurrence rate, risk of long-term injury to
patellofemoral cartilage, and potential for physeal disruption with operative intervention. Numerous procedures have
been described to address causative pathoanatomy in the patellofemoral joint, as well as its static and dynamic stabilizers.
We describe our technique of combined medial patellofemoral ligament and modified Roux-Goldthwait reconstruction to
address both proximal and distal malalignment in a skeletally immature patient with open physes.
atellofemoral instability (PFI) occurs because of
Phigh-risk activities and structural variants of the
patellofemoral joint. Normal joint stability relies on
structures that work both passively and dynamically to
allow for secure motion throughout the knee flexion-
extension arc. The medial patellofemoral ligament
(MPFL) and lateral retinaculum integrity, trochlear
groove, vertical patella positioning, and patella tendon
length are factors in the stability of the joint because
these impart static structural constraints and dynamic
forces that maintain anatomic patella tracking. The
MPFL is the primary passive restraint in the first 20� of
knee flexion. The trochlear groove accounts for stability
in deeper knee flexion after the patella begins to engage
the trochlea at 30� of flexion. Ideal patellar height also
Department of Orthopaedic Surgery, Division of Sports Medicine
r Surgery, David Geffen School of Medicine at UCLA (M.T., A.A.,
the Orthopedic Institute for Children (J.J.B.), Los Angeles, CA,

rs report that they have no conflicts of interest in the authorship
tion of this article. Full ICMJE author disclosure forms are
this article online, as supplementary material.
pril 23, 2019; accepted July 23, 2019.
rrespondence to Jennifer J. Beck, M.D., Assistant Clinical Pro-
tment of Orthopedic Surgery, David Geffen School of Medicine at
tric, Sports Medicine Associate Director, Orthopedic Institute for
enter for Sports Medicine, Los Angeles, CA 90095, U.S.A. E-mail:
et.ucla.edu
y the Arthroscopy Association of North America. Published by
s is an open access article under the CC BY-NC-ND license (http://
ons.org/licenses/by-nc-nd/4.0/).
/19541
.org/10.1016/j.eats.2019.07.027

Arthroscopy Techniques, Vol 8, No 12
plays a role in stability, allowing for appropriate
engagement with the trochlear groove. In addition to
variations in the above described anatomy, generalized
ligamentous laxity, increased Q angle, and trochlear
dysplasia are recognized risk factors for PFI. Excessive
lateral patella tilt caused by iliotibial band and lateral
retinaculum contractures and lateral femoral condyle
hypoplasia can also impact tracking and stability of the
patella.1

In certain cases, PFI is caused by both proximal and
distal pathoanatomic alterations. Distally, a large tibial
tuberosity to trochlear groove distance (TT-TG) signifies
a larger quadriceps vector (Q Angle) and greater lateral
displacement force on the patella during knee motion. A
TT-TG of greater than 20 mm measured on computed
tomography has been shown to be a significant cutoff
associated with recurrent patella dislocations and is an
indication for surgical intervention. The goal of correc-
tion of the TT-TG is 10 to 5 mm. In adults, tibial tubercle
osteotomy and realignment is the treatment of choice,
although it may not be a viable option with open growth
plates, given the location of the tibial tubercle apophysis
and significant risk for physeal injury.
After initial traumatic dislocation of the patella or

with chronic subluxation, the MPFL becomes incom-
petent, no longer acting as a restraint to lateral trans-
lation. In a skeletally immature patient with any of the
aforementioned structural risk factors, surgical correc-
tion is recommended, given the high risk of recurrent
instability. Options for proximal realignment include
MPFL reconstruction, MPFL repair, medial imbrication,
and vastus medialis oblique advancement.2 Options of
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Fig 1. Patient’s left side. Preoperative (A) anteroposterior, lateral, merchant radiographs show the lateral sitting patella (red arrow)
are magnetic resonance (MR) images (B) coronal cut for cross reference and (C) axial T2-weighted MR images of a skeletally
immature male with recurrent patellofemoral dislocation after failure of conservative management. MR demonstrates severe
trochlear dysplasia with a shallow trochlear groove (orange dotted line), MPFL tear (blue arrow), lateral patella (red arrow), and
significant joint effusion. His tibial tuberosity to trochlear groove distance measured 26 mm, warranting distal realignment.

Fig 2. Patient's left side. (A) Palpation and marking of anatomic landmarks including the patella, patellar tendon, and tibial
tubercle anteriorly with a planned 12 cm midline incision. After exposure, (B) the patellar tendon is marked along the center and
split longitudinally with a no. 10 scalpel, and (C) the lateral half is whip-stitched and passed inferomedially to form a “Roux”
pattern. (D) A flap is then created in the pes anserinus to bury the free end of the translated lateral half of the patellar tendon to
create a new insertion that is distal and medial to the insertion of the middle half.
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Fig 3. Patient's left side. (A) The free end of the tendon is sutured to the periosteum of its attachment site with no. 2 Ethibond,
and (B) Vicryl sutures are used to approximate the medial and lateral halves of the patellar tendon proximally.
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distal realignment procedures are limited due to the
open tibial tubercle and proximal tibial physis but
include Galeazzi tenodesis, patellar tendon shortening,
modified Grammont procedure, and Roux-Goldthwait
procedure.1,3 The Roux-Goldthwait corrects an
increased Q angle similar to a tibial tubercle osteotomy,
but without threatening the physis.

Indications and Preoperative Planning
We describe a modified Roux-Goldthwait procedure

with allograft MPFL reconstruction for both proximal
and distal realignment to address severe PFI in the
skeletally immature patient. Patients with recurrent
patella instability, either subluxation or dislocation
events that lead to pain and limit choice of daily
activities, first are recommended a course of nonoper-
ative management. After trials of physical therapy and
bracing fail, patients with continued instability are
offered surgical correction. Respecting open physes, we
chose a combination of a Roux-Goldthwait procedure
for distal realignment and an allograft MPFL recon-
struction, secured with a suture anchors distal to the
physes without threatening growth. Preoperative
magnetic resonance imaging is performed (Fig 1) to
evaluate concomitant knee pathology such as an MPFL
tear, osteochondral defects, loose bodies, and to assess
the TT-TG distance, which ideally is less than 15 mm,
and if greater than 20 mm is associated with recurrent
instability and is an indication for distal corrective
realignment.
Surgical Technique
The patient is placed supine on a standard radiolucent

operating room table and then induced under general
anesthesia. Preoperative landmarks, including the
medial epicondyle, patellar poles, patellar tendon bor-
ders, and the tibial tubercle, and pre-planned incisions
are then marked (Fig 2A, Video 1). A 12-cm midline
incision from the tibial tubercle to the inferior pole of
the patella is made. The medial and lateral borders of
the patellar tendon are identified. With standard ante-
rior medial and anterior lateral arthroscopy portals,
diagnostic arthroscopy is performed, and any relevant
intra-articular pathology is addressed. Next, a lateral
release within the midportion of the lateral retinaculum
starting at the superior patella and ending at the lateral
portal is performed using cautery. Hemostasis is care-
fully achieved using electrocautery because hemarth-
rosis is a known side effect of a lateral release and can
lead to painful swelling. Care is taken through each
layer to prevent penetration of the subcutaneous layer
of the skin and to avoid entering the vastus lateralis
tendon.



Table 2. Advantages and Disadvantages of the Modified
Roux-Goldthwait Procedure

Advantages
Physeal sparing option for Q angle realignment, instead of a tibial
tubercle osteotomy

Greater correction
Adjustable correction
Strong fixation while only detaching half of PT
Does not require additional tendon sacrifice (hamstrings spared)
No implanted hardware, and therefore no secondary surgeries for
hardware removal

Disadvantages
Distalizing patellar tendon attachment increases patellofemoral
joint contact pressures; if too high could lead to early OA

Concern of malrotation of patella after tendon transfer
Potential for incomplete correction due to young age of patient,
leading to possibility of future revision surgery

Large anterior scar

OA, Osteoarthritis; PT, physical therapy.

Table 1. Pearls and Pitfalls of the Modified Roux-Goldthwait
Procedure

Pearls
Lateral tendon subperiosteal release; to ensure periosteal to bone
healing when transferred

Attachment of tendon distal to proximal tibia physis and medial to
tibial tubercle apophysis

Ensure complete mobilization of patella tendon, inferior pole of
patella to superior aspect of tibial tubercle

MPFL femoral attachment is at Schottle’s Point just distal to
femoral physis

Pitfalls
Improper hemostasis during lateral release, can lead to knee
hemarthrosis and painful swelling

Ensure tendon is released from insertion subperiosteally and not
through the tendon, which would potentially limit healing
potential

Breach of anterior cortex during patella fixation could cause
potential stress riser or fracture

MPFL femoral attachment placed at or proximal to femoral physis
could potentially cause growth arrest

Ensure early but limited ROM to protect patella tendon transfer
Ensure early PT for quad activation to prevent quad atrophy

MPFL, medial patellofemoral ligament; PT, physical therapy; ROM,
range of motion.
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Returning to the open procedure, the central para-
tenon is split longitudinally and dissected free of the
tendon medially and laterally (Fig 2B). Posteriorly the
tendon is freed from the fat pad, ensuring complete
dissection of the patellar tendon from the inferior pole
of the patella to the tibial tubercle. A scalpel is used to
divide the patellar tendon into medial and lateral
halves. The lateral half of the patellar tendon is sub-
periosteally dissected off the tibial tubercle. A no. 2
Ethibond suture is placed in locking Krackow fashion
into the distal half of the lateral patellar tendon (Fig
2C). The lateral patellar tendon is passed deep to the
medial half of the tendon. An “L”-shaped incision is
made over the pes anserinus with the transverse arm
distal to the tibial physis and the longitudinal arm
medial to the tibial tubercle apophysis. Dissection deep
to the periosteum (Fig 2D) is performed until distal to
the pes anserine tendons. A free needle is placed on the
no. 2 Ethibond sutures and passed deep into perios-
teum and coming out distal to the pes anserine ten-
dons. Use preoperative planning to determine patella
height because care should be taken not to over-
distalize the tendon. The second arm of the no. 2
Ethibond suture is passed in a similar location in hor-
izontal mattress fashion with an abundant soft tissue
bridge. The patellar tendon is now tied deep to the
periosteum with a no. 2 Ethibond suture (Fig 3A).
Additional Figure-of-8 sutures are placed, securing the
transferred patellar tendon to the pes tendons, as well
as closure of the “L” split of the pes anserine tendons. A
0-Vicryl suture is used to approximate the medial and
lateral halves of the patellar tendon more proximally
(Fig 3B).
The following step is the MPFL reconstruction, which
can be done using the surgeon’s preferred technique
and method of fixation, taking care to avoid damage to
the medial distal femoral physis by using fluoroscopic
guidance to place the femoral fixation distal to the distal
femoral physis anterior to Blumensaat’s line at Schot-
tle’s point. These authors’ preferred technique is all
suture anchor fixation in the patella using a Smith and
Nephew Q-Fix Mini (Andover, MA) and a double-
loaded 2.9 Osteoraptor for femoral fixation. Semi-
tendonosis or Tibials Anterior allograft is routinely
used for MPFL reconstruction. After the MPFL recon-
struction, patella positioning is confirmed to be
centralized, with range of motion no longer allowing
for lateral translation of the patella. There should be a
negative J sign. Range of motion from 0� to 60� of
flexion should not tension the Roux-Goldthwait
reconstruction. Irrigation, closure, and local anesthetic
injection is performed before final dressings, and a
hinged knee brace is fitted. After surgery, we keep the
patient partial weightbearing with crutches for 6 weeks
with restricted range of motion from 0� to 50� for the
first 3 weeks, then advance to 0� to 90� per protocol.

Discussion
Risk factors for PFI include variations in patient

anatomy that can be corrected surgically when reha-
bilitation, supportive bracing, and periods of immobili-
zation that fail to diminish the patella instability.
Careful assessment of anatomic and patient-related risk
factors for recurrence should be completed. A combined
proximal and distal realignment, such as MPFL recon-
struction with modified Roux-Goldthwait, may provide
superior results in high-risk, skeletally immature
athletes.
Because of concern for physeal damage, surgical

techniques to treat PFI in skeletally immature patients
rely primarily on soft tissue procedures. The authors
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prefer a combination of a modified Roux-Goldthwait
and an MPFL reconstruction to treat severe PFI
with recurrent dislocation and elevated TT-TG distance
(Tables 1 and 2). With the Roux-Goldthwait technique,
the surgeon can medialize and distalize the patella to
improve tracking similar to what would be achieved
with Trillat, Maquet, and Fulkerson osteotomies
without risk for physeal disruption. Critics of the Roux-
Goldthwait express concern over the increased rotation
and tilt of the patella that remains uncorrected with this
procedure. The addition of the MPFL reconstruction
corrects this lateral rotation and tilt while providing a
second restraint to lateral translation.4 In our clinical
experience, our patients have not experienced prob-
lems related to malrotation of the patella. Likewise, the
need for revision surgery after combined MPFL and
Roux-Goldthwait procedures has yet to be seen in our
clinic.
Given the variation in proposed techniques,

outcomes-based literature has been limited primarily to
case series. The original Roux-Goldthwait procedure
was described in the late 1800s with multiple surgeon-
specific modifications and additions reported since,
including lateral release, medial reefing/combination,
vastus medialis advancement, and adjuvant patellar
tendon transfers.5 Chrisman et al.6 reported 93% satis-
factory results with a Roux-Goldthwait procedure in
their series of skeletally immature patients. More
recently, Marsh et al.7 also reported excellent results in
26 of 30 cases and a high rate of return to normal
physical activity. However, studies have not consis-
tently shown superior outcomes with one technique
over another likely attributable to heterogenous tech-
niques and reporting. No high-level evidence studies
are available on this topic. In their recent systematic
review of more than 1000 cases, Longo et al.8 found
most distal realignment procedures were successful in
correcting PFI. They reported an overall recurrence rate
of 7% after analyzing various distal realignment pro-
cedures, including tibial tubercle transfer with and
without proximal realignment, Elmslie-Trillat, Roux-
Goldthwait, Goldthwait with and without lateral
release, Fulkerson, modified Grammont, and various
combinations of above procedures, suggesting that the
various techniques as reported in the 38 articles that
met their inclusion criteria for follow-up appear to be
similarly efficacious.8

The assorted procedures, although successful in
managing PFI, have several complications specific to
the nature of each surgery. Patellofemoral osteoarthritis
has been reported with procedures that increase the
joint contact pressures, symptomatic hardware
requiring subsequent removal with procedures
involving prominent screws, wound complications,
patella or proximal tibia fractures, arthrofibrosis and
limited range of motion, neuroma, deep vein throm-
bosis, and peroneal nerve palsies have all been
reported.1,8 In the procedures reviewed, complications
have been reported to range from 0% to 7% for distal
realignment procedures, depending on the specific
surgery performed, and up to 26% for proximal,
mainly MPFL reconstructive procedures.1,8

In conclusion, in skeletally immature patients, where
an MPFL reconstruction alone would not suffice
because of the anatomic risk factors predisposing the
patient to recurrent PFI, a physeal-sparing distal
realignment procedure should be performed. We
recommend using a Roux-Goldthwait correction in
combination with a double bundle allograft MPFL
reconstruction and lateral release to properly balance
the knee and maintain patella tracking through the
range-of-motion arc.
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