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of patellofemoral instability and indications for surgical treatment, who were attended by

Method: The proposed technique was used on a series of cases of patients with diagnoses
Joint instability

the Knee Group of HC-IOT, University of São Paulo. The following were evaluated before

Patellofemoral joint/surgery

and after the operation: range of motion (ROM), apprehension test, lateral translation test,

Patella

patellar inclination test, inverted J sign, subluxation upon extension, pain from compression

Orthopedic procedures

of the patella and pain from contraction of the quadriceps. After the operation, the patients
were asked whether any new episode of dislocation had occurred, what their degree of
satisfaction with the surgery was (on a scale from 0 to 10) and whether they would be
prepared to go through this operation again.
Results: Seven knees were operated, in seven patients, with a mean follow-up of 5.46 months
(±2.07). Four patients who presented apprehension before the operation did not show this
after the operation. The lateral translation test became normal for all the patients, while the
patellar inclination test remained positive for two patients. The patients with an inverted J
sign continued to be positive for this sign. Five patients were positive for subluxation upon
extension before the operation, but all patients were negative for this after the operation.
None of the patients presented any new episode of dislocation of the patella. All of them
stated that they were satisﬁed: ﬁve gave a satisfaction score of 9 and two, a score of 10. All
of them said that they would undergo the operation again. Only one patient presented a
postoperative complication: dehiscence of the wound.
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Conclusion: Reconstruction of the medial patellofemoral ligament using the quadriceps tendon, combined with reconstruction of the medial patellotibial ligament using the patellar
tendon, was technically safe and presented good objective and subjective clinical results in
this case series with a short follow-up.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. All rights reserved.

Reconstrução do ligamento patelofemoral medial com tendão
quadricipital combinada com patelotibial medial com tendão patelar:
experiência inicial
r e s u m o
Palavras-chave:

Objetivo:

Instabilidade articular

quadricipital combinada com a reconstrução do LPTM com tendão patelar e apresentar

Articulação

os resultados iniciais em uma série de casos.

patelofemoral/cirurgia

Método: Foi aplicada a técnica proposta em uma série de casos de pacientes do Grupo de

Descrever técnica cirúrgica de reconstrução anatômica do LPFM com tendão

Patela

Joelho do HC-IOT diagnosticados com instabilidade patelofemoral e com indicação de trata-

Procedimentos ortopédicos

mento cirúrgico. No pré e pós-operatório foram avaliados: amplitude de movimento (ADM),
teste da apreensão, teste da translação lateral, teste da inclinação patelar, sinal do J invertido, subluxação em extensão, dor a compressão da patela e dor a contração do quadríceps.
No pós-operatório também foi perguntado aos pacientes se houve novo episódio de luxação,
qual o grau de satisfação com a cirurgia (escala de zero a 10) e se passariam pela cirurgia
novamente.
Resultados: Foram operados sete joelhos em sete pacientes e a média de seguimento foi
de 5,46 meses (±2,07). Tivemos quatro pacientes com apreensão no pré-operatório que não
tinham apreensão no pós-operatório. O teste de translação lateral foi normalizado em todos
os pacientes enquanto o teste da inclinação patelar permaneceu positivo em dois pacientes.
Os pacientes com J invertido permaneceram com o sinal positivo. A subluxação em extensão, presente no pré-operatório em cinco pacientes, foi negativa em todos no pós-operatório.
Nenhum paciente apresentou novo episódio de luxação da patela. Todos responderam estar
satisfeitos. Cinco pacientes referiram satisfação 9 e dois referiram 10. Todas passariam
novamente pela cirurgia. Apenas uma paciente apresentou complicação pós-operatória,
deiscência de ferida.
Conclusão: A reconstrução combinada do LPFM com tendão quadricipital com a reconstrução
do LPTM com tendão patelar é tecnicamente segura e apresentou bons resultados clínicos
objetivos e subjetivos nesta série de caso de curto seguimento.
© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Todos os direitos reservados.

Introduction
Lateral dislocation of the patella is responsible for 2–3% of all
knee injuries and is the second biggest cause of hemarthrosis.1
The stability of the patellofemoral joint is maintained
through complex interactions between active, passive and
static stabilizers.
The medial ligaments responsible for maintaining the stability of the patellofemoral joint are the medial patellofemoral
ligament, medial patellotibial ligament and medial patellomeniscal ligament.
There have been many studies on the medial
patellofemoral ligament (MPFL) and its anatomical and
biomechanical characteristics.2–10 However, little is known

about the medial patellotibial ligament (MPTL) and medial
patellomeniscal ligament (MPML).2,3,5,6
The initial biomechanical studies, in the 1990s, which evaluated the contribution of the medial ligaments in restricting
lateralization of the patella showed that the MPFL contributed
50–60% of the medial restriction during the initial ﬂexion
(ﬂexion of between 0◦ and 30◦ ).4–6 The contributions of the
secondary restrictors have varied according to the study: for
the MPTL from 0% to 24%; and for the MPML from 8% to
38%.2,5,6 However, in a more recent study, Philippot et al.2
demonstrated that the contributions that the MPTL and MPML
make toward restriction of lateral translation increased from
26% when the joint was extended to 46% at ﬂexion of 90◦ .
Furthermore, the inﬂuence of the MPTL and MPML at ﬂexion of 90◦ was found to be 72% in relation to patellar tilt
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and 92% in relation to patellar rotation.2 In a clinical study,
Garth et al.11 observed that clinical and arthroscopic subluxation was present in patients who only had injuries to the
MPML, when the knee was extended. Thus, the MPTL and
MPML are important in maintaining the normal kinematics
of the patellofemoral joint across the entire range of motion,
and especially at higher degrees of ﬂexion.
Surgical treatment usually consists of a combination of
reconstruction of the injured MPFL with an adjuvant procedure for improving the alignment and congruence of the
patellofemoral joint. Several types of graft for reconstructing
the MPFL with good results have been described.12–14 It is
important to have different types of graft with similar results
in order to make it possible to individualize the treatment and
to perform revision on the reconstruction.
In a systematic review on the complications arising from
reconstruction of the MPFL alone, the complication rate found
was 26.1%. Clinical failures that presented subluxation or dislocation occurred in 3.7% of the cases. Alterations seen in
physical examinations, such as positive apprehension test,
patellar hypermobility or episodes of feelings of instability in
the knee operated, occurred in 8.3% of the cases. Thus, objective or subjective instability persisted in 12% of the cases.15
We put forward the hypothesis that this subluxation might
result from progressive slackening of the MPFL due to higher
stress subsequent to its reconstruction. Reconstruction of one
of the secondary restrictor ligaments (MPTL or MPML) may
diminish the stress on the MPFL and improve the functional
results. The MPTL may decrease the angle of the quadriceps
(Q angle), thus improving patellar excursion without causing as many changes to the kinematics of the tibiofemoral
joint as would medialization osteotomy of the anterior tibial tuberosity (ATT), which is the method used today for
decreasing the Q angle.16 In children, when it is not possible
to perform osteotomy to correct risk factors, reconstruction
of these secondary ligaments becomes even more important. There have been some descriptions of series of cases
of MPFL reconstruction combined with MPTL reconstruction,
with good results.17–21 Series of cases of MPTL reconstruction
using the patellar tendon combined with procedures other
than MPFL construction (lateral release of the retinaculum,
advancement of the vastus medialis obliquus and medial
retinaculum, and osteotomy of the ATT) also exist.22–24 The
objectives of the present study were to describe a surgical
technique for anatomical reconstruction of the MPFL using the
quadriceps tendon, combined with reconstruction of the MPTL
using the patellar tendon, and to present the initial results
from a series of cases.

Materials and methods
This study was approved by our institution’s ethics committee
under the number CEP 333/13, and all the patients signed a
consent statement in order to participate.
The proposed technique was applied to a series of cases
of patients seen by the Knee Group of Hospital das Clínicas,
Institute of Orthopedics and Traumatology (HC-IOT), who were
diagnosed as presenting patellofemoral instability with an
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indication for surgical treatment. All the patients had a clinical
diagnosis of patellar dislocation, with at least two episodes.
The indications for combined reconstruction of the MPFL
and MPTL were:
- Subluxation in extension (lateral and proximal displacement of the patella with contraction of the quadriceps, with
the knee extended).
- Instability in ﬂexion (spontaneous dislocation or positive
lateral translation test with the knee ﬂexed).
- Hyperextension of the knee with ligament laxity.
- Open growth plate in association with predisposing factors
(increased Q angle, high patella and trochlear dysplasia).
The following were evaluated before and after the operation: range of motion (ROM), apprehension test, lateral
translation test, patellar inclination test, inverted J sign, subluxation in extension, pain on compression of the patella
and pain on contraction of the quadriceps. The following predisposing factors were evaluated using magnetic resonance
imaging: Q angle (TT–TG: distance of the patellar tendon
from the trochlear throat); high patella (modiﬁed Insall–Salvati
index, Caton–Deschamps index and length of the patellar tendon); and trochlear dysplasia (Dejour classiﬁcation). After the
operation, the patients were asked whether there had been
any new episode of dislocation; what their degree of satisfaction with the surgery was (scale from 0 to 10); and whether they
would undergo the operation again (yes or no). The surgical
complications were also evaluated.
Surgical reconstruction technique:
- Skin incisions: Two small anterior incisions, each measuring
2–3 cm (minimally invasive technique), were made in order
to harvest quadriceps and patellar grafts, and an incision of
1–2 cm was made in the medial epicondyle in order to insert
the MPFL in the femur. When additional procedures were
indicated and required wider exposure, an anterior incision
of 8 cm was made (open technique).
- Harvesting of the quadriceps graft (Figs. 1–3)12 : An incision of 3 cm was made proximally to the patella. Using a
scalpel blade, a strip of 8 mm in width from the medial
portion of the quadriceps tendon containing the superﬁcial
portion of the quadriceps (in relation to the rectus femoris)
was cut out, while its patellar insertion was maintained.
The distal extremity of the graft was carefully partially
detached from the patella, as far as the transition between
the upper and middle thirds of the patellar height. Two adjuvant stitches were made in the periosteum using slowly
absorbable thread, in order to maintain the insertion.
- Harvesting of the patellar graft (Figs. 1–3)13 : A medial incision was made in the patellar tendon between the lower
pole of the patella and the anterior tuberosity of the tibia.
Dissection was performed layer by layer down to the patellar peritendon, and a vertical incision was then made in its
middle third. Using a scalpel blade, a 6-mm strip from the
middle third of the patellar tendon was separated out and
deinserted from the anterior tuberosity of the tibia. The origin of the patellar tendon was then detached proximally and
superiorly and it was maintained in the distal third of the
patella.
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Fig. 1 – Illustration of the grafts harvested from the patellar
and quadriceps tendons.

- Insertion of the MPFL in the femur (Fig. 4A and B): The free
proximal end was rotated through 90◦ and was passed under
the medial retinaculum through the incision. The insertion
point was between the medial epicondyle and the tubercle
of the adductors, at the radiographic point.25 A 5-mm anchor
was ﬁxed at this point. IN patients with an open growth
plate, a 3.5-mm anchor was used and its insertion was in
the distal epiphysis of the femur.26
- Insertion of the MPTL (Fig. 4A and B): The free end was
passed under the medial reticulum toward the proximal
tibia. A 5-mm anchor was ﬁxed in the tibia, 1.5–2.5 cm below
the joint line and 1.5 and 2.5 cm medially to the patellar
tendon, which formed an angle of 20–25◦ with the patellar
tendon.3,5 In patients with an open growth plate, a 3.5-mm
anchor was used, with an angle of 20–25◦ in relation to the
patellar tendon, ﬁxed just above the growth plate, in the
proximal epiphysis of the tibia, so that its tensioning would
be maintained during growth. Since the insertion in the
tibial plateau was close to the growth plate scar, the ﬁxation of the graft close to the growth plate reconstituted the
anatomy of the MPTL well in adulthood.
- Tensioning and ﬁxation of the grafts (Fig. 4A and B): The
patellar tendon was ﬁrstly ﬁxed at the point described for
the MPTL. The knee was positioned at 90◦ of ﬂexion, which
is the position of greatest tension and contribution of the
MPTL to the lateral restriction,2 and also a position at which

Fig. 2 – Grafts harvested from the patellar and quadriceps
tendons by means of the open technique.

the patella is well reduced between the condyles. The MPTL
was placed under traction with sufﬁcient tension to contribute toward maintaining the patella in this position. It
was important to place the graft under tension similar to
that of the remnant patellar tendon, so that they could act
synergistically over the entire range of motion. Overtensioning of the tendon also needed to be avoided so as

Fig. 3 – Grafts harvested from the patellar and quadriceps
tendons by means of the minimally invasive technique.
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Fig. 4 – (A) Illustration of reconstruction of the MPFL using a graft from the quadriceps tendon and of the MPTL using a graft
from the patellar tendon, in anterior view. (B) Illustration of reconstruction of the MPFL using a graft from the quadriceps
tendon and of the MPTL using a graft from the patellar tendon, in mediolateral view.

not to cause an increase in pressure in the patellofemoral
compartment.27 The graft was then sutured to the anchor
that had previously been ﬁxed in the MPTL. The knee was
then placed at 30◦ of ﬂexion, such that the patella was
positioned at the trochlea. The quadriceps graft was placed
under sufﬁcient traction to keep the patella at a reduced
position. With this degree of tension, the patella needed
to be capable of making a mediolateral excursion of one to
two quadrants, and it was important that the graft was not
overtensioned, for the reasons mentioned earlier.28 Lastly,
two or three stitches were inserted between the quadriceps
graft of the MPFL and the vastus medialis, for dynamism.
Additional procedures (shortening of the patellar tendon,
lateral retinacular release and stretching of the quadriceps)
were performed concomitantly in accordance with the predisposing factors.29
After the operation, the patients used immobilization
in extension for walking, from the ﬁrst postoperative day
until completion of six weeks after the operation. Passive
movement was made through physiotherapy and at home
under guidance from a physiotherapist, with progression only
limited by pain.

Results
Seven knees were operated, in seven patients of mean age 15.4
years (all of them female): six right knees and one left knee.
The evaluation on predisposing factors and surgical indications is shown in Table 1. The mean length of the
patellar tendon was 47.57 mm (±10.78 mm). Two patients had
lengths of more than 52 mm. The mean for the modiﬁed
Insall–Salvati index was 1.84 (±0.31), and two of the patients
had indexes above normal values (i.e. >2). The mean for the

Caton–Deschamps index was 1.39 (±0.30), and ﬁve patients
had indexes above normal values (i.e. >1.2). The mean TT–TG
distance was 1.6 cm (±0.44 cm), and four patients had values greater than 1.5 cm. Three patients presented high-grade
trochlear dysplasia (B, C or D). The main indications for combined reconstruction of the MPFL and MPTL were subluxation
in extension, open growth plate in association with predisposing factors and instability in ﬂexion, in decreasing order of
frequency (Table 1).
In the preoperative evaluation, only one patient did not
have a complete range of motion and presented contracture in
ﬂexion; four had a positive apprehension test; all the patients
presented abnormalities in the lateral translation test; only
one presented normal values in the patellar tilt test; two
patients presented the inverted J sign; only one did not have
subluxation in extension; four had pain upon compression of
the patella; and four presented pain upon compression of the
quadriceps (Table 2).
The mean length of follow-up was 5.46 months (±2.07).
The four patients with positive apprehension tests before the
operation did not show this after the operation. The lateral
translation test results became normal in all the patients,
while the patellar tilt test remained positive in the cases of two
patients. The patients with a positive inverted J sign continued
to present this, but because this sign is related to an abnormal
path for the patella caused by high-grade trochlear dysplasia,
it was already expected that this sign would be maintained
in the patients with high-grade dysplasia, given that no procedure for correcting the trochlear dysplasia was undertaken.
The subluxation in extension that was present before the operation in ﬁve patients was not present in any patient after the
operation. In relation to pain, among the four patients with
preoperative pain, three showed improvement of pain and one
patient who had not had pain before the operation started to
present it (Table 2).
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Table 1 – Predisposing factors and indications for combined reconstruction of the MPFL and MPTL.
Patient

Patellar tendon
length (mm)

Modiﬁed
Insall–Salvati
index

Caton–Deschamps
index

TT–TG
distance (cm)

Dejour
classiﬁcation

Subluxation
in extension

Instability in
ﬂexion

Hyperextension
of the knee
with ligament
laxity

Open growth
plate

1
2

48
65

1.9
2.3

1.4
1.8

1.2
2.3

A
C

+
+

+
+

+
+

3

37

1.5

1

1.5

D

+

+

+

4
5
6

40
46
59

1.7
1.8
2.2

1.4
1.4
1.7

1.9
1.1
1.3

A
A
A

+
+
+

7

38

1.5

1

1.9

B

Mean

47.57

1.84

1.39

1.60

Associated procedures
performed

Shortening of the patellar
tendon
Stretching of the lateral
retinaculum

+
+
+

+

+

+ (habitual)

+

MPFL, medial patellofemoral ligament; MPTL, medial patellotibial ligament.
Surgical indications in bold.

Table 2 – Clinical evaluation before and after the operation.
Patient

ROM (before)

1
2
3
4
5
6
7

0–150
10–140
0–150
0–150
−10 to 140
−15 to 150
0–150

Patient

J sign (before)

1
2
3
4
5
6
7

−
+
+
−
−
−
−

ROM (after)

0–150
10–140
0–150
0–150
−10 to 140
−10 to 140
0–150
J sign (after)

−
+
+
−
−
−
−

Apprehension
test (before)
−
+
+
+
−
+
−
Subluxation in
extension (before)

+
+
+
+
+
+
−

Apprehension
test (after)
−
−
−
−
−
−
−

Lateral translation
test (before)
Altered
Altered
Altered
Altered
Altered
Altered
Altered

Subluxation in
extension (after)

−
−
−
−
−
−
−

Pain upon
compression of the
patella (before)
−
+
+
+
−
−
+

Lateral translation
test (after)

Patellar tilt test
(before)

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Pain upon
compression of the
patella (after)
+
+
−
−
−
−
−

Patellar tilt test
(after)

Normal
Altered
Altered
Altered
Altered
Altered
Altered
Pain upon
contraction of the
quadriceps (before)
−
+
+
+
−
−
+

Normal
Normal
Altered
Normal
Normal
Normal
Altered
Pain upon
contraction of the
quadriceps (after)
+
+
−
−
−
−
−
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Lateral retinacular release
(arthroscopic)
Stretching of the
quadriceps tendon and of
the lateral retinaculum
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None of the patients presented any new episode of patella
dislocation. All of them said that they were satisﬁed. Five
patients rated their satisfaction as 9 and two as 10. All of the
patients said that they would go through the surgery again.
Only one patient presented any postoperative complication, which consisted of dehiscence of the wound. This patient
required two surgical debridement procedures and new suturing of the skin and subcutaneous tissue, for healing to take
place.

Discussion
The technique described here has the advantages that it
enables anatomical reconstruction of the MPFL and MPTL and
tensioning of the grafts at different degrees of ﬂexion, thereby
respecting the function of each ligament. In addition, maintenance of the patellar insertion of the quadriceps tendon
and patellar tendon avoids the need to use synthesis material at the site, or perforation, which possibly would have led
to fracturing of the patella.15,30,31
In reconstructions described previously, the distal insertions of the ﬂexor tendons were maintained. These did not
coincide with the insertions of either the MPTL or the MPML.
The tibial insertion of the ﬂexor tendons was located at distances of 41 ± 6.6 mm from the tibial plateau and 6.88 ± 1 mm
medially to the patellar tendon. The MPTL was located
between 15 and 20 mm medially to the patellar tendon, in
adults.32 With free distal borders, the graft can be placed in
an anatomical position. In addition, this allows tensioning
of the MPFL and MPTL reconstructions at different angles of
ﬂexion. Because the positioning in previous descriptions was
non-anatomical, only one instance of tensioning of the MPFL
and MPTL at different angles of ﬂexion was described.17
Furthermore, ﬁxation of the MPTL in the proximal epiphysis of the tibia, and not in the proximal metaphysis of the
tibia, reduces the risk of distal migration of the graft insertion
over the course of growth, which would change its tensioning
and functioning.33 The principle of insertion in the epiphysis
is analogous to that used in reconstructing the MPFL.26
Reconstruction of the MPFL together with the MPTL, using
grafts from ﬂexor tendons, has also produced proven good
results in ﬁve case series totaling 74 patients.17–21 The difference in our proposal lies only in the grafts used. Use of grafts
from the patellar and quadriceps tendons for reconstructing
the MPFL is already well known and disseminated. Use of the
patellar tendon for reconstructing the MPTL alone has also
been described.22–24
In our initial series of cases, the patients presented
improvements in various signs and symptoms of patellar
instability and only case of a minor complication of the operative wound. We believe that this case was due to use of
inappropriate sizing and tissue pull-back in the incision. None
of the patients presented recurrence of the patellar dislocation
and all of them said that they were satisﬁed with the result.
Thus, we believe that our new proposal for combined MPFL
reconstruction using the quadriceps tendon and MPTL reconstruction using the patellar tendon is technically safe, given
that it consists of procedures and concepts used routinely by
knee surgeons. In addition, its good results are predictable,
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based on the current evidence from the literature. The technique presented good objective and subjective clinical results
in the series of the present study.
The major limitation of this study is its short follow-up,
given that instability may recur at a later stage. For this reason,
we chose not to include the Kujala score, which might have
indicated results that were unsatisfactory given that many
of the patients assessed were still undergoing rehabilitation.
Thus, a longer follow-up is necessary in order to have a better assessment of the results over a longer period. The aim of
this article was to present a new and alternative surgical technique for combined reconstruction of the MPFL and MPTL and
its complication and success rates over the short term.

Conclusion
Combined reconstruction of the MPFL using the quadriceps
tendon and of the MPTL using the patellar tendon is technically safe and presented good objective and subjective clinical
results in this series of cases with a short follow-up.

Conﬂicts of interest
The authors declare no conﬂicts of interest.
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