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Abstract: Recurrent patellar instability can be very debilitating and may require surgical intervention. A thorough
workup must be completed in this subset of patients. Risk factors for recurrent instability include patella alta, trochlear
dysplasia, an increased tibial tubercle—trochlear groove distance, and insufficiencies in the medial retinacular structures.
Necessary treatment of these risk factors, once identified, should be addressed surgically. Patellofemoral reconstruction
must be individually tailored to each patient’s anatomy and may necessitate medial patellofemoral ligament recon-
struction, tibial tubercle osteotomy, or trochleoplasty in any combination or as a standalone procedure. This article details
our technique for surgical treatment of recurrent patellar instability with a medial patellofemoral ligament reconstruction,
an open trochleoplasty, and a tibial tubercle osteotomy for patients with severe trochlear dysplasia, an increased tibial

tubercle—trochlear groove distance, or patella alta.

Primary patellar dislocations occur in a small per-
centage of individuals, and only 17% of these pa-
tients have a recurrent dislocation." However, after a
second dislocation, the chance of additional dislocations
increases to approximately 50%.' Whereas primary
dislocations can be treated with a brace, surgical treat-
ment is essential for patients who have recurrent
patellofemoral dislocations because symptoms often do
not resolve.” Risk factors for chronic patellar instability
include patella alta, trochlear dysplasia, an increased
tibial tubercle—trochlear groove (TT-TG) distance, and
insufficiencies in the medial retinacular structures.”’ The
purpose of this article is to describe our technique for
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treating recurrent patellar instability with medial
patellofemoral ligament (MPFL) reconstruction, an
open trochleoplasty in patients with severe trochlear
dysplasia, and a tibial tubercle osteotomy (TTO) in pa-
tients with an increased TT-TG distance or patella alta.

Technique

Objective Diagnosis

Lateral radiographs are useful to assess abnormal
trochlear morphology and to categorize the joint ac-
cording to the Dejour classification® (Fig 1). Lateral ra-
diographs are also useful to assess patella alta by
calculating the Insall-Salvati, modified Insall-Salvati,
Blackburne-Peel, and Caton-Deschamps ratios. The
Caton-Deschamps index is the preferred method
because of its accuracy and ability to remain unaffected
by the degree of knee flexion.” In addition, axial radio-
graphs with the knee in 30° of flexion enable assessment
of the sulcus angle and the depth of the trochlear
groove.® A sulcus angle of 145° or greater indicates a
dysplastic trochlea.” Lateral and medial trochlear incli-
nation can be helpful in assessing dysplasia severity.
Trochlear dysplasia is best characterized by use of a
combination of quantitative radiographic measure-
ments and the Dejour classification system.”

In addition, magnetic resonance imaging (MRI) is
helpful to evaluate articular cartilage status and identify
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Fig 1. Dejour classification system for trochlear dysplasia represented by lateral radiographic views and axial cross sections. (A)
In type A dysplasia, the trochlea is shallow but still symmetrical and concave, with the crossing sign on the lateral radiograph. (B)
In type B dysplasia, the trochlea is flat or convex, with the crossing sign and a trochlear spur on the lateral radiograph. (C) In type
C dysplasia, the lateral facet is convex and the medial facet is hypoplastic, with the crossing sign and double contour sign
(subchondral sclerosis of the medial hypoplastic facet) on the lateral radiograph. (D) In type D dysplasia, the cliff pattern is
present on the axial view; the crossing sign, a supratrochlear spur, and the double contour sign can all be seen on the lateral

radiograph. Reprinted with permission.”

soft-tissue damage, particularly MPFL injury. MRI is
also used to measure lateral trochlear inclination.’
Furthermore, lateral radiographs generally underesti-
mate lateral inclination compared with MRL”

Preoperative computed tomography (CT) is helpful
for measuring the TT-TG distance. A TT-TG distance
greater than 20 mm on CT scans is considered patho-
logic and is a substantial risk factor for patellar insta-
bility.” These patients may be candidates for a
medializing tubercle transfer.

Indications for Surgery
Whereas primary patellar dislocations should be
treated nonoperatively in a brace, chronic dislocations

should be treated surgically.® Patients with Dejour type
A trochlear dysplasia (Fig 1) should undergo an MPFL
reconstruction rather than a trochleoplasty, and pa-
tients with Dejour type B, C, or D dysplasia should be
evaluated regarding a possible sulcus-deepening
trochleoplasty in addition to MPFL reconstruction®’
(Table 1). The MPFL has been reported to provide up
to 60% of resistance to lateral displacement of the pa-
tella."” As a result, an MPFL reconstruction should be
performed in conjunction with any trochleoplasty
procedure.”

A trochleoplasty is contraindicated in patients with
open physes. For these patients, an MPFL reconstruc-
tion should be proposed as a safe surgical alternative. A
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Table 1. Indications and Contraindications for Trochleoplasty

Indications

Recurrent patellar dislocations

Dejour type B, C, or D trochlear dysplasia
Contraindications

Open physes

Diffuse patellofemoral arthritis

trochleoplasty is also contraindicated in patients with
diffuse patellofemoral arthritis because of a significant
risk of increasing pain levels.”

Patients with patella alta or a TT-TG distance greater
than 20 mm (on CT scans) may require a TTO (Table 2).
The TT-TG distance is the most reliable diagnostic
method to indicate the need for a TTO. This method has
been validated for CT scans by a recent study that re-
ported a systematic bias toward lower TT-TG distances
on MRI compared with CT scans.'' A distalization of
the tubercle is recommended for patients with patella
alta. The senior author (R.F.L.) routinely uses a Caton-
Deschamps index greater than 1.4 to define patella alta.
Of note, some degree of medialization should be ex-
pected with tuberosity distalization.'? For patients with
a TT-TG measurement greater than 20 mm, a medial-
ization of the tubercle is recommended to reduce con-
tact pressures on the lateral trochlear and patellar
facets.” Contraindications for TTO include open physes,
advanced patellofemoral arthritis, patella baja, knee
pain or instability that does not have a rational
biomechanical or articular cartilage basis, and localized
or systematic inflammatory disease.'’

Patellofemoral reconstruction actually comprises a
spectrum of procedures that must be individually
tailored to each patient’s necessities. This list of possible
procedures to address patellofemoral instability is what
is referred to by the French school as the menu a la
carte.'” Surgical strategies may include MPFL recon-
struction, TTO, or trochleoplasty in any combination or
as a standalone procedure. In this article we present a

Table 2. Indications and Contraindications for Tibial Tubercle
Osteotomy

Indications
Recurrent lateral patellar dislocations*
TT-TG distance >20 mm
Patella alta
Contraindications
Open physes
Advanced patellofemoral arthritis
Patella baja
Knee pain or instability that does not have a rational
biomechanical or articular cartilage basis
Localized or systematic inflammatory disease

TT-TG, tubercle—trochlear groove.
*Medial patellofemoral ligament reconstruction is indicated in all
surgical candidates with recurrent patellar dislocations.
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complex patient who met the indications for all 3
procedures.

Patient Positioning and Anesthesia

The patient undergoes induction of general anes-
thesia and is positioned supine on the operating table. A
well-padded high-thigh tourniquet is placed on the
operative leg, and a bilateral comparative examination
under anesthesia is performed to confirm the preoper-
ative diagnosis and to better evaluate patellar trans-
lation abnormalities. A sterile bump should be placed
under the knee to maintain 20° of flexion.

Surgical Technique

An anterior midline incision is performed followed by
medial and lateral subcutaneous dissection to create
soft-tissue flaps (Video 1). The MPFL attachment on the
patella is then identified, which is approximately 41%
from the proximal pole, and an anterior cruciate liga-
ment guide (Arthrex, Naples, FL) is used to place a
guide pin transversely across the patella. Using the
aiming guide helps prevent inadvertent piercing of the
patellar cartilage surface. A 4.5-mm cannulated Endo-
Button reamer (Smith & Nephew, Andover, MA) is
used to create a complete tunnel to allow the passage of
a cortical fixation device (EndoButton; Smith &
Nephew); a 5-mm EndoButton reamer (Smith &
Nephew) is then used to create an 8- to 10-mm-deep
socket for the graft. The total length of the tunnel is
measured to select the appropriate fixation device size.
The course of the MPFL is followed along the distal edge
of the vastus medialis obliquus with sharp dissection
medially. With the adductor magnus tendon used as a
landmark, the adductor tubercle and medial epicondyle
are identified. The femoral attachment of the MPFL is
located at a point 1.9 mm anterior and 3.8 mm distal to
the adductor tubercle (Fig 2), and two suture anchors
(SuperAnchor; Mitek, Westwood, MA) are placed in
this location."”

Next, the semitendinosus graft is harvested for the
MPFL reconstruction. Once identified within the pes
anserine bursa and released of all adhesions with the
help of a Cobb elevator, the semitendinosus is har-
vested with an open tendon stripper (Arthrex) and
sharply detached from the distal tibial insertion. The
graft is then looped around a cortical fixation device
and undergoes tubularization on the back table with a
nonabsorbable No. 2 FiberWire whipstitch suture
(Arthrex). The graft should have a minimum length of
16 cm.

Attention is then turned to the tibial tubercle in
preparation for the osteotomy. First, a scalpel is used to
elevate the periosteum off the medial and lateral as-
pects of the tibial tubercle in a proximal-to-distal
fashion. The most proximal attachment of the patellar
tendon is identified. A distance of 30 mm is measured
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Fig 2. Cadaveric photograph of a right knee showing the
relation of the patella, vastus medialis obliquus (VMO), and
adductor tubercle (AT) relative to the medial patellofemoral
ligament (MPFL). A needle holder is under the MPFL, and the
scissors are pointing to the femoral insertion of the MPFL.
(sMCL, superficial medial collateral ligament.)

distally from this location and marked with cautery. It is
important that the bone block is 30 mm in length and
thick enough to include cancellous bone and to prevent
breakage. Once this is confirmed, a 2-mm drill (Syn-
thes, West Chester, PA) is used to create multiple holes
along the medial and lateral borders of the osteotomy.
The surgeon then releases the medial border of the
tubercle with an osteotome, completing the line
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demarcated with the previously made holes. An oscil-
lating saw (ConMed, Utica, NY) is used to release the
distal border of the tubercle. The tibial tubercle is then
reflected superiorly, exposing the distal edge of the
osteotomy (Fig 3). On the basis of preoperative plan-
ning, a saw and osteotome are used to create the new
location of the tibial tubercle by removing the necessary
bone for proper distalization. This distance is typically
around 1 cm. A rasp is used to prepare the bony bed
before fixation. If medialization is also desired, a rasp is
used to ensure that the tubercle will sit flush against the
bony bed.

Attention is then focused on exposing the trochlea in
preparation for the trochleoplasty. A medial para-
patellar arthrotomy is made, and the patella is laterally
reflected. The distal medial and lateral trochlear facets,
as well as the trochlear groove, are delineated with a
marking pen. A scalpel is used to elevate the perios-
teum 5 to 6 mm away from the articular cartilage
margins along the proximal bone-cartilage transition of
the distal femur. A high-speed burr (ConMed) and
reamer (ConMed) are used to remove subchondral
bone in a proximal-to-distal fashion, with the previous
markings used as a distal endpoint (Fig 4). Emphasis is
placed on deepening the trochlear groove. Next, an
arthroscope (Dyonics; Smith & Nephew) is used to
inspect the undersurface of the trochlea, and adjust-
ments are made to smooth the bony bed and to elimi-
nate any remnant bone bridge. The flap is then pushed
into the newly created trough and held in place with
four to six Kirschner wires. When good trochlear po-
sition is confirmed, a reamer is used over the K-wires
and the flap is secured with multiple 3 x 26—mm
cannulated Bio-Compression screws (Arthrex) until
good fixation is ensured (Fig 5).

The tibial tubercle is then pulled distally or medially
(or both) to align with the prior bony preparation. Two
bicortical K-wires are inserted and checked with fluo-
roscopy (Fig 6). Once proper placement is confirmed,

Fig 3. Intraoperative photograph of a right knee with the
tibial tubercle (TT) and patellar tendon reflected superiorly. A
second cut is being made in the tibia at the level at which the
tubercle will undergo distalization.

Fig 4. Intraoperative photograph of a right knee with the
patella reflected laterally during trochleoplasty. A high-speed
reamer is being used to remove subchondral bone. (DMTF,
distal medial trochlear facet; TG, trochlear groove.)
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Fig 5. Intraoperative photograph of a right knee with the
cartilage flap secured with 3 x 26—mm cannulated Bio-
Compression screws. (DLTF, distal lateral trochlear facet;
DMTF, distal medial trochlear facet; TG, trochlear groove.)

two fully threaded 4.5-mm cannulated bicortical screws
(Synthes) with washers are placed over the K-wires and
the osteotomy is secured.

Next, a passing suture is placed through the patellar
tunnel and is used to pull the MPFL graft into the
socket and then the cortical fixation device attached to
the graft is secured to the lateral patella. The graft is
then passed transversely across the previously created
channel along the normal course of the native MPFL
deep to the superficial layer of the medial retinaculum,
just distal to the vastus medialis obliquus (Fig 7). With
the knee positioned at 40° of flexion, the graft is tied to
the suture anchors previously fixed at the femoral
attachment. While the surgeon is tying the first sutures,
the patella is manually pushed 4 to 5 mm in a lateral
direction to avoid over-medialization. After the graft
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has several sutures in place, the patella is tested with
lateral translation at varying degrees of knee flexion to
confirm restoration of an adequate restraint to lateral
translation without over-tightening medially. With the
patient’s knee at 20° of flexion, the surgeon should be
able to lateralize the patella one to two quadrants with
a gentle pressure applied to the medial facet. Once this
is confirmed, the remaining sutures are secured. In
addition, the arthrotomy is copiously irrigated and
closed. Steri-Strips (3M Health Care, St. Paul, MN) and
a sterile dressing are placed over the incision, and the
knee is placed into an immobilizer. Pearls and pitfalls of
the described procedure are summarized in Table 3,
and advantages and limitations are summarized in
Table 4.

Postoperative Rehabilitation

Patients should remain non—weight bearing and in
an immobilizer brace for 6 weeks. A supervised reha-
bilitation program should start immediately post-
operatively. Quadriceps exercises, straight-leg raises,
and ankle pumps with the patient wearing a knee
immobilizer should be performed 3 to 5 times daily.
Passive range of motion should be limited from 0° to
90° of flexion for the first 2 weeks and then increased as
tolerated. Return to normal levels of activity typically
occurs after 6 to 9 months postoperatively.”

Discussion

Literature regarding the outcomes of combined
trochleoplasty, MPFL reconstruction, and TTO for the
treatment of patellar instability is limited. However,
there are numerous outcome studies regarding troch-
lear dysplasia treated with trochleoplasty, with and
without MPFL reconstruction. Reported patient satis-
faction rates have ranged from as low as 67%'° to as

4.5 mm cannulated

Medial -

L \ ‘; ‘v“

Fig 6. Intraoperative photographs of a right knee with the tibial tubercle (TT) being pulled distally, secured with two K-wires (A)
and then fully threaded 4.5-mm cannulated screws with washers (B), and checked with fluoroscopy.
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Fig 7. Intraoperative photograph sequence of a right knee undergoing medial patellofemoral ligament reconstruction with
semitendinosus autograft. (A) The graft is pulled through the patella and secured laterally with a button, (B) a channel beneath
the medial retinaculum is created, and (C) the graft is passed and (D) secured to the anchor in its anatomic position.

high as 95.7%.'” TTO for the treatment of patellar
instability has a high success rate.'® In a study by Ser-
vien et al.'® that included 135 distalization osteotomies
with and without medialization, a 94.5% satisfaction

Table 3. Pearls and Pitfalls

rate was reported at an average follow-up of 5 years.
However, a prospective cohort study of 129 knees with
recurrent patellar instability treated either with isolated
MPEL reconstruction or with MPFL reconstruction plus

Pearls

Pitfalls

Follow the distal edge of the vastus medialis obliquus muscle to
find the original course of the MPFL to create a soft-tissue
tunnel and allow further passage of the graft.

Use the adductor magnus tendon as a reference to find the
adductor tubercle and then the femoral attachment of the
MPFL.

When planning a TTO, bear in mind that distalization of the
patella leads to automatic medialization.

Use a 2-mm drill to create holes in the borders of the planned
tubercle osteotomy. This will facilitate the procedure and help
prevent an undesired fracture line.

Use a marking pen to delineate the distal borders of the medial
and lateral trochlear facets, as well as the trochlear groove. This
will help visualize the limits of the trochleoplasty and the
region under the groove, which should be the deepest part.

Use the arthroscope to better visualize the undersurface of the
trochleoplasty and make adjustments to emphasize deepening
the trochlear groove.

When fixing the osteotomy, use fluoroscopy to ensure the correct
position of the K-wires as well as the cortical screws that will
keep the TT in place.

Bony procedures in patients with open physes can lead to physeal arrest
and further deformity. Trochleoplasty and TTO should be avoided in
these patients.

Damage to the patellar cartilage can occur from drilling the transverse
tunnel. To avoid this problem, use an ACL aiming guide and make
sure the exit point is at the same level of the entry point.

The surgeon should be sure to harvest at least 16 cm of semitendinosus
graft. Grafts shorter than this may not be sufficient for the MPFL
reconstruction.

Excessive distalization can lead to iatrogenic patella baja. The needed
amount of distalization should be previously planned to prevent this
complication. The surgeon should try not to lower it past an Insall-
Salvati ratio of 1:1.

Proud surfaces in the front of the knee can cause discomfort to the
patient. The surgeon should use a rasp to smooth the new tubercle
bed and make sure it is flush.

The surgeon must be careful not to over-tighten the MPFL. The graft
should be fixed with the knee at 40° of flexion, and the patella is
manually pushed 4-5 mm in a lateral direction to avoid over-
medialization. With the patient’s knee at 20° of flexion, the surgeon
should be able to lateralize the patella one to two quadrants with a
gentle pressure applied to the medial facet.

To avoid fracture of the tibial tubercle when performing the osteotomy,
the surgeon should make sure the bone block is strong enough to
support two cortical screws. It must measure at least 30 mm in length
and include cancellous bone.

ACL, anterior cruciate ligament; MPFL, medial patellofemoral ligament; TT, tibial tubercle; TTO, tibial tubercle osteotomy.
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Table 4. Advantages and Limitations

Advantages

A single-stage procedure can be performed.

Addressing all the problems during the same procedure allows the
surgeon to balance the effect of each technique over the patellar
tracking and stability.

Adding trochleoplasty to the procedure in patients with a
dysplastic trochlea (Dejour type B, C, or D) helps normalize the
patellar tracking and likely reduces the redislocation rate.

Limitations

Aggressive procedures can lead to more scar tissue. Physical
therapy should be initiated on the first day postoperatively.

A longer surgical time is required.

The literature still lacks outcome studies reporting results for the
combined technique.

TTO reported no significant difference in outcomes at
1 year postoperatively.'”

Further outcome studies that incorporate all 3 pro-
cedures are needed, particularly studies with long-term
outcomes. Nonetheless, we believe in the effectiveness
of our technique for treating recurrent patellar insta-
bility in patients with a dysplastic trochlea, patella alta,
an increased TT-TG ratio, and an insufficient MPFL. We
recommend our method of treatment for recurrent
patellar instability with a trochleoplasty, MPFL recon-
struction, and TTO and encourage additional studies by
other groups to assess our surgical technique.
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