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Abstract

Purpose Various techniques for reconstruction of the
medial patellofemoral ligament (MPFL) have been devel-
oped. In this article, a modified technique for anatomical
two-bundle MPFL reconstruction with hardware-free
patellar graft fixation is described and the preliminary
results of this technique are presented.

Methods A modified surgical technique for MPFL
reconstruction with a gracilis tendon autograft and hard-
ware-free patellar graft fixation using two short oblique
bone tunnels is described in detail. Complications and
preliminary results of this procedure were assessed in 19
patients at a mean follow-up of 16 + 3 months using the
Kujala score, Tegner scale, and Insall score.

Results No postoperative patellar dislocation or sublux-
ation was reported. Eighty-nine per cent of the patients
were either satisfied or very satisfied with the overall out-
come. The mean Kujala score was 92 £ 7 (range 69-100),
and the median Tegner scale was 5 (range 3—7). According
to the Insall score, the results of 18 patients (95 %) were
rated as good or excellent. Postoperative complications
occurred in 3 patients (16 %), with two of them persisting
only temporary.
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Conclusions The described technique for anatomical two-
bundle MPFL reconstruction is a safe and effective surgical
procedure for the treatment of lateral patellar instability,
with several methodical advantages compared to similar
techniques. Further evaluation in a larger patient cohort
with a longer follow-up is necessary to confirm these short-
term results.
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Introduction

Numerous surgical procedures with variable results have
been described to treat lateral patellar instability [8, 38].
Since biomechanical studies have highlighted the crucial
role of the medial patellofemoral ligament (MPFL) in
maintaining patellar stability [2, 12, 31], and radiographic
studies as well as open surgical exploration have shown
that rupture of the MPFL is the main pathoanatomical
finding after lateral patellar dislocation [40, 49], recon-
struction of the MPFL has become a widely accepted and
successful treatment method for lateral patellar instability
[3, 16].

Various techniques for MPFL reconstruction have been
described, including tendon transfers to the patella or femur
[4, 10, 23, 34, 50], and reconstruction of the ligament with
free tendon autografts, allografts, or synthetic material [14,
33, 36, 42, 44].

In order to more closely replicate the native anatomy of
the MPFL, several authors have proposed a two-bundle
technique with free tendon grafts [5, 7, 18, 25, 32, 36, 39,
4244, 47]. It is believed that an anatomical reconstruction
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more likely restores physiologic patellofemoral loads and
kinematics [2, 42, 44].

One of the major controversies with the use of free
tendon grafts is the ideal graft fixation. Whereas most
authors use interference screws for femoral graft fixation
[5,7, 18, 32, 36, 39, 42, 44], patellar graft fixation remains
controversial, and several techniques have been described.
Most of these techniques require hardware such as suture
anchors [42, 43], tenodesis screws [44], suture buttons [21,
25, 56], or different suture materials [1, 47]. However, the
use of hardware has several disadvantages such as soft
tissue irritation, implant pain, foreign body reactions, and
higher costs [6, 13, 46, 53]. Therefore, hardware-free
patellar graft fixation might be a favourable alternative.

Different techniques for anatomical two-bundle MPFL
reconstruction with hardware-free patellar graft fixation
have been described [5, 7, 18, 29, 32, 36, 39]. However,
each of these techniques has its specific shortcomings,
which is why we have developed a modified technique. The
purpose of this study is therefore (1) to describe a modified
technique for anatomical two-bundle MPFL reconstruction
with hardware-free patellar graft fixation and (2) to present
the preliminary results of this technique.

Materials and methods

Preceding reconstruction of the MPFL, an arthroscopy is
performed routinely. The gracilis tendon is harvested in a
standard fashion. Both ends of the graft are prepared with
non-absorbable sutures (e.g. No. 2 Ethibond, Ethicon,
Somerville, NJ, USA) in a whip-stitch fashion over a
length of 15 mm. The length of the graft should be at least

18 cm. To allow for easier passage of the graft through the
patellar tunnels, the thinner end of the graft is prepared
tapered.

Next, the medial and anteromedial aspect of the patella
is prepared. A 3-cm vertical skin incision reaching from the
superomedial corner to the midpoint of the medial margin
of the patella is made [51]. After subcutaneous preparation,
the periosteum of the proximomedial patella is carefully
elevated off the medial and anterior patellar surface. In
order not to jeopardize the blood supply of the patella, this
step should be done sparingly.

A 2.4-mm threaded guidewire is drilled from the anterior
surface of the patella, starting approximately 10 mm central
of the superomedial corner, to the superior margin of the
MPFL on the medial wall of the patella (Figs. 1a, 2a). In the
axial view, this creates an oblique course of the guidewire,
running from antero-central to infero-medial (Fig. 2b). A
second guidewire is drilled parallel to the first guidewire
with its entry point 10—15 mm more distal. By gently tilting
the rotating guidewires, the diameter of the drill holes is
increased to about 3 mm. This diameter is usually large
enough to enable passage of the gracilis graft. If necessary,
the guidewires can be overdrilled with a 4.0-mm cannulated
drill. A bony rim is created between both tunnels on the
anterior surface of the patella (Fig. 1b). The thinner end of
the graft is passed through the superior bone tunnel from
medial to central and back through the inferior tunnel from
central to medial (Fig. 3). The midportion of the looped graft
is placed in the bony rim on the patellar surface.

To create the femoral tunnel, the knee is placed in 90° of
flexion. Because anatomical femoral tunnel placement is
crucial for successful MPFL reconstruction [2, 51, 54], we
routinely use a picture intensifier to identify the anatomical

Fig. 1 Creation of the patellar tunnels. a The first guidewire is drilled
from the anterior surface of the patella, approximately 10 mm central
of the superomedial corner to the superior margin of the MPFL
insertion on the medial wall of the patella. The second guidewire is
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Fig. 2 Schematic drawing of the position and course of the patellar
tunnels. a Frontal view, b axial view

femoral insertion point using the radiographic landmarks
described by Schottle et al. [45]. A guidewire with an
eyelet is drilled through the femur from postero-medial to
antero-lateral and subsequently is overdrilled to the con-
tralateral cortex.

The free ends of the graft are passed through the second
layer of the medial capsular-ligamentous complex. A
nitinol wire is placed in the femoral tunnel, and both ends
of the graft are pulled into the tunnel. In 30° of flexion, a
bioabsorbable interference screw is inserted over the niti-
nol wire. While manually tensioning the graft, femoral
fixation is performed when the lateral border of the patella
is in line with the margin of the lateral trochlea. After
confirming patellar stability and full range of motion, the
detached periosteum is sutured back to the patella with
absorbable sutures, covering the graft loop on the anterior
patellar surface.

Postoperative management

Postoperative rehabilitation involves partial weight bearing
for 2 weeks and a hinged knee brace for 6 weeks. Range of
motion is not restricted. Low-impact sports (running,
cycling) are allowed after 6 weeks, and full return to sports
is allowed after 3 months.

Patient evaluation

Inclusion criteria for this study were as follows: isolated
MPFL reconstruction using the described technique, closed
femoral physis, minimum follow-up of 12 months, and
informed consent of the patient to participate in this study.

Indications for isolated MPFL reconstruction were as
follows: symptomatic lateral patellar instability with
recurrent patellar dislocations or subluxations, failure of
conservative treatment, increased lateral patellar transla-
tion with a positive lateral patellar apprehension sign, and a
tear or sprain of the MPFL on preoperative magnetic res-
onance imaging (MRI). Contraindications for isolated
MPFL reconstruction were as follows: osteoarthri-
tis > grade 1 according to Kellgren and Lawrence [24],
focal chondral defects > grade 2 according to Outerbridge
[35], trochlear dysplasia > grade B according to Dejour
[11], valgus deviation >5 [20], tibial tuberosity—trochlear

Fig. 3 Passage of the graft. a The thinner end of the graft is passed through the superior tunnel from medial to central, b subsequently, the graft
is passed through the inferior tunnel from central to medial, and the midportion of the graft is placed in the bony rim on the patellar surface
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Table 1 Patient characteristic

Number of patients

Total 19 (100 %)

Female 13 (68 %)

Male 6 (32 %)
Mean age at operation 23 + 8 (range

16-47)

Aetiology of first patellar dislocation

Traumatic 6 (32 %)

Atraumatic 13 (68 %)
Number of dislocations before surgery

2 3 (16 %)

3-5 6 (32 %)

6-10 4 (21 %)

>10 6 (32 %)
Interval between first dislocation and surgery

<3 months 1 %)

<6 months -

<1 year 2 (11 %)

<3 years 7 (37 %)

>3 years 9 (47 %)
Previous surgery for patellar instability of the

ipsilateral knee

No 13 (68 %)

Yes? 6 (32 %)

All values except mean age are given in number of patients and
percentage of the overall study population

4 Four patients had prior lateral release, 1 patient had prior medial
reefing, 1 patient had prior repair of the MPFL, and 1 patient had prior
lateral release + medial reefing

groove distance >20 mm [41], and pathologic rotational
alignment (femoral anteversion >20°, tibial torsion >40°)
[20, 52]. Indications and contraindications were confirmed
by history, clinical evaluation, plain radiographs, and MRI
in all patients. Additional weight-bearing full-leg radio-
graphs and computer tomography scans were obtained in
patients with suspected abnormal limb alignment.
Between April 2011 and November 2011, 28 patients
with symptomatic lateral patellar instability were treated by
use of the above-described technique. Nine of these
patients fulfilled at least one contraindication for isolated

MPFL reconstruction, for which reason MPFL recon-
struction was combined with concomitant procedures
(distal femoral osteotomy, deepening trochleoplasty,
matrix-associated chondrocyte implantation, lateral reti-
nacular lengthening, lateral patellar facetectomy). These
patients were excluded from further clinical evaluation,
except for the assessment of postoperative patellar fracture.
The final study population therefore consisted of 19
patients with an average follow-up of 16 £ 3 months. The
detailed patient characteristics are provided in Table 1. All
operations were performed or directly supervised by the
first author.

Postoperative complications, patient satisfaction, knee
function, and activity level were retrospectively assessed
using a self-designed questionnaire, Kujala score [26], and
Tegner scale [55]. The overall outcome was rated accord-
ing to the Insall score [22] (Table 2).

Results

All patients were available for follow-up evaluation. No
patient suffered recurrent patellar dislocation or subluxa-
tion. Eighty-nine per cent of the patients were either sat-
isfied (32 %) or very satisfied (58 %) with the overall
outcome of the operation. Two patients (11 %) were par-
tially satisfied because of persistent pain during squatting,
stair climbing, and sporting activities. No patient was dis-
satisfied with the outcome of the operation. All patients
stated that they would undergo the surgery again. The
mean Kujala score was 92 £ 7 (range 69-100), and the
median Tegner scale was 5 (range 3-7). According to the
Insall score [22], the results of 18 patients (95 %) were
rated as good or excellent (Table 2).

Postoperative complications occurred in 3 patients
(16 %). Two patients could not flex the knee beyond 90° at
6 weeks postoperatively and therefore required a prolonged
rehabilitation program with intensified physical therapy.
Three months postoperatively, full range of motion was
achieved in both patients. One other patient suffered a
displaced fracture of the superomedial quadrant of the
patella during a high-velocity motorbike accident 3 months

Table 2 Insall score [22],

.. Grading  Definition Number of
definition and results .
patients (%)
Excellent No complaints, pain, or instability; normal function including return to sports 8 (42)
Good Mild pain, no instability, and normal function 10 (53)
Fair Moderate pain, a feeling of insecurity due to occasional instability, mildly 1(5)
limited function, and partial improvement of preoperative condition
Poor Moderate to severe pain and instability (including redislocation) that limited -

function significantly; the operation did not improve the condition
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Fig. 4 Different techniques for anatomical two-bundle MPFL recon-
struction with hardware-free patellar graft fixation. a Technique
presented in this article (drill hole diameter usually 3 mm), b tech-
nique according to LeGrand et al. [27] (drill hole diameter 5-6 mm),

after MPFL reconstruction. The fracture ran through the
inferior bone tunnel and was treated by open reduction and
internal fixation using two small fragment screws. The
MPFL was stable attached to the fragment and could be
retained. At final follow-up, the fracture had healed com-
pletely and knee function as well as sporting activity was
not impaired (Kujala score: 100, Tegner scale: 7, Insall
grading: excellent).

Discussion

The main finding of the present study was that anatomical
two-bundle MPFL reconstruction with a gracilis tendon
autograft and hardware-free patellar graft fixation using two
short oblique bone tunnels is an effective and save technique
to treat patients with symptomatic lateral patellar instability.

Various techniques for MPFL reconstruction have been
described, and to date, no technique is considered to repre-
sent the “gold standard”. Some authors have proposed a
transfer of the quadriceps tendon [34, 50], patellar tendon
[4], semitendinosus tendon [10], or adductor magnus tendon
[48] as a single-bundle graft. Other authors placed a free
tendon graft in a single patellar tunnel [1, 15, 21]. These
techniques, however, must be considered as non-anatomical
because the native anatomy of the MPFL with its broad
patellar attachment and two-bundle structure is not repli-
cated [2]. Non-anatomical MPFL reconstruction can cause
non-physiologic loads and kinematics of the patellofemoral
joint [2, 44]. Therefore, several authors have proposed a
two-bundle technique using free tendon grafts [5, 7, 18, 25,
32, 36, 39, 42, 44]. Potential advantages of a two-bundle
technique are as follows: more close reconstruction of the
anatomical and biomechanical properties, less patellar
rotation during flexion—extension movement because of a
two-point fixation at the patella, and higher stability
throughout a greater range of motion [18, 32, 44]. To date, it
is not clear whether a two-bundle technique is superior
compared to a single-bundle technique. However, similar to
ACL reconstruction, we believe that anatomical recon-
struction of the MPFL is one of the major keys to success.

N
\_/

/\

'

¢ technique according to Christiansen et al. [7] (drill hole diameter
4.5 mm), d technique according to Panni et al. [36] (drill hole
diameter 5 mm), e technique according to Nelitz et al. [32] (drill hole
diameter 4 mm)

Using free tendon grafts, patellar fixation remains an
issue of debate. Several authors have used hardware for
patellar fixation, such as suture anchors [42], tenodesis
screws [44], suture buttons [21, 25, 56], or different suture
material [1, 47]. However, hardware-free patellar graft
fixation has the advantage of lower risk for soft tissue
irritation, implant pain, and foreign body reactions [6, 13,
37, 46, 53]. Furthermore, this method makes the operation
more cost effective.

The concept of anatomical two-bundle MPFL recon-
struction with hardware-free patellar graft fixation has been
reported before [5, 7, 18, 29, 32, 36, 39]. Christiansen et al.
[7] described a technique in which the gracilis tendon was
looped through two transverse 4.5-mm drill holes in the
patella (transpatellar drill holes) (Fig. 4c). Other authors
described a similar technique using the semitendinosus
tendon [5, 18, 39]. Panni et al. [36] proposed to drill two
5-mm diverging transpatellar tunnels in order to more
closely replicate the course of the inferior-straight and
superior-oblique bundle (Fig. 4d). Nelitz et al. [32] looped
a gracilis graft through a V-shaped tunnel at the supero-
medial half of the patella (Fig. 4e). LeGrand et al. [27]
described a technique with two oblique tunnels, compara-
ble to our technique (Fig. 4b). However, these authors used
the semitendinosus tendon, which required tunnel diame-
ters of 5-6 mm. Furthermore, the exit points of the tunnels
on the patellar surface were located markedly more later-
ally, between the midpoint and the lateral third of the
patella.

In clinical follow-up studies, several of these techniques
have demonstrated to achieve good to excellent results in
most patients with mean postoperative Kujala scores of
83-92, median Tegner scores of 4-5, and redislocation
rates of 0—11 % [7, 18, 32, 36, 39]. However, each of these
techniques has its specific shortcomings, for which reason
we have developed a modified technique.

Using two transpatellar tunnels requires a long graft;
therefore, the semitendinosus tendon is a common used
graft source [5, 18, 39]. A semitendinosus graft, however,
requires larger tunnel diameters (usually 5-6 mm [27])
with a higher risk of violating the anterior cortex or
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cartilage. These tunnels might create stress risers with
increased risk for patellar fracture [37]. Furthermore, long
tendon grafts combined with long tunnels increase the risk
of micromotion of the graft within the tunnel, possibly
leading to tunnel widening or abrasion of the graft at the
tunnel aperture. The oblique bone tunnels used in our
modified technique are considerably shorter compared to
transpatellar tunnels, avoiding the disadvantages associated
with long tunnels. To keep donor side morbidity as low as
possible, we prefer to use the gracilis tendon. The mean
tensile strength of the MPFL has been reported to be 208 N
[31], whereas the mean strength of a single strand gracilis
graft is 837 N [17], indicating that there is no need to use
the semitendinosus tendon. In our experience, the length of
a gracilis graft has always been sufficient for our technique.
Using the gracilis tendon moreover enables to drill smaller
tunnels. We usually drill two tunnels of 3 mm in diameter,
which is considerably smaller compared to other tech-
niques [7, 36]. Smaller patellar tunnels might lower the risk
of joint penetration or patellar fracture. If the graft is
looped around the lateral cortex of the patella, exposure of
the lateral patellar wall is necessary. Therefore, some
authors used an additional lateral incision or a longer
midline incision [5, 18, 36, 39]. Our technique for patellar
graft passage requires only one incision of about 3 cm
lengths at the medial patellar border, making this technique
less invasive and cosmetically more appealing.

The preliminary results of the described technique
demonstrate a high patient satisfaction and good to excel-
lent functional results at a mean follow-up of 15 months
with no redislocation. The mean Kujala score and median
Tegner scale at final follow-up were 92 and 5, respectively,
which is comparable or even superior compared to other
studies reporting on the results of anatomical two-bundle
MPFL reconstruction with hardware-free patellar graft
fixation [7, 18, 32, 36, 39].

A systematic review of 25 studies found a mean com-
plication rate of 26 % after reconstruction of the MPFL
[46]. A major complication after MPFL reconstruction is a
fracture of the patella [46, 53]. Patellar fractures have been
reported after MPFL reconstruction using bone tunnels [7,
14, 30, 36, 37], tenodesis screws [28], and suture anchors
[37]. Most of these fractures occurred during activities of
daily living or minor traumas, especially transverse bone
tunnels traversing the entire width of the patella, and long
oblique tunnels are believed to create stress risers with a
considerable risk of patellar fracture [37]. By using shorter
tunnels with smaller diameters, we thought to minimize the
risk of patellar fracture. However, during the study period,
a displaced fracture of the superomedial quadrant through
the inferior patellar tunnel was seen in one of 28 patients.
The fracture occurred 3 months after MPFL reconstruction
during a high-velocity motorbike accident. After the study

@ Springer

period, the described technique was used in more than 30
additional patients without the occurrence of a patellar
fracture. We therefore believe that the risk of fracture is
minimal without a high-impact trauma. However, this issue
needs further attention in a larger study group.

To avoid patellar drill holes, suture fixation of the graft
might be an alternative technique [9, 30, 47]. However,
because of less initial fixation strength, range of motion
and full weight bearing are usually restricted for the first
3-6 weeks postoperatively. Our technique provides high
initial fixation strength [19], enabling immediate full range
of motion and faster rehabilitation.

Shortcomings of this study are the retrospective study
design, small sample size, and short-term follow-up. Fur-
thermore, no statistical analysis was performed because
preoperative scores were not available. However, the main
intention of this article was to describe and discuss a mod-
ified technique for anatomical MPFL reconstruction, which
we believe has several advantages compared to current
methods. Because of the lack of a control group, this article
cannot answer the question whether this technique is supe-
rior compared to other techniques. Further evaluation in a
larger patient cohort with a longer follow-up is necessary to
confirm the safety and effectiveness of this technique.

Conclusions

Compared to similar techniques, the described modification
of an anatomical MPFL reconstruction with hardware-free
patellar graft fixation has the advantage of short and small
tunnels, less donor side morbidity, reduced risk of graft
micromotion, minimal invasiveness, and more appealing
cosmesis. The preliminary results of this technique are
encouraging and comparable to those of other MPFL
reconstruction techniques. Complications and results of
this technique, including the risk for patellar fracture, have
to be further evaluated in a larger patient cohort with
longer follow-up.
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