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Abstract
Purpose Severly increased femoral anteversion is an impor-
tant risk factor for patellofemoral instability. Recurrent dislo-
cations cause a traumatic disruption of the medial
patellofemoral ligament. Therefore a procedure that combines
femoral derotation osteotomy and patellofemoral ligament re-
construction should be considered for patients with severely
increased femoral anteversion. The aim of the study was to
evaluate the subjective and objective outcomes after com-
bined femoral derotation osteotomy and anatomical recon-
struction of the MPFL.
Methods 12 consecutive patients (12 knees) with
patellofemoral instability and severely increased femoral
anteversion underwent combined femoral derotation
osteotomy and anatomical reconstruction of the MPFL. Pre-
operative radiographic examination included AP and lateral
views to assess patella alta. MRI was performed to evaluate
trochlear dysplasia and tibial tubercle-trochlear groove (TT-
TG) distance. Additionally, MRI assessment of the rotational
profile was performed. Evaluation included evaluation of car-
tilage injuries, preoperative and postoperative physical exam-
ination, visual analog scale (VAS), Kujala score, International

Knee Documentation Committee score (IKDC), Activity Rat-
ing Scale (ARS) and Tegner activity score.
Results The average age at the time of operation was
18.2 years (range, 15–26 years). The average follow-up after
operation was 16.4 months postoperatively (range, 12–
28 months). No recurrent dislocation occurred. The results
showed a significant improvement of the Kujala score, IKDC
score and VAS (p<0.01). The activity level according to the
Tegner activity score and ARS did not show statistically sig-
nificant changes (p=0.75; p=1.0).
Conclusion Combined anatomical reconstruction of the
MPFL and femoral derotation osteotomy resulted in signifi-
cant improvement of knee function and good patient satisfac-
tion in young patients with severely increased femoral
anteversion. No re-dislocation of the patella occured.

Keywords Increased femoral anteversion . Patellofemoral
instability . MPFL . Knee . Patellar dislocation

Introduction

The contribution of femoral internal torsion to anterior knee
pain and patellofemoral instability has long been
underestimated [6]. Increased femoral anteversion leads to
an internally rotated gait unless compensated by external tor-
sion of the tibia, which rotates the leg outward to maintain a
normal foot progression angle [28]. In the knee, increased
femoral internal torsion results in abnormal patellofemoral
loads and the tendency for lateral subluxation [9, 16, 17,
29]. Parikh et al. [24] demonstrated that in patients with nor-
mal foot progression, medial orientation of the knee results in
increased tension of the medial patellofemoral ligament, in-
creased forces on lateral patellar facet and decreased forces on
medial facet. Rotational malalignment may therefore be a

* Manfred Nelitz
manfred.nelitz@kliniken-oa.de

1 MVZOberstdorf, Clinics Kempten-Oberallgäu, TeachingHospital of
the University of Ulm, Trettachstraße 16,
87561 Oberstdorf, Germany

2 Institute of Epidemiology andMedical Biometry, University of Ulm,
Helmholtzstraße 18, 89081 Ulm, Germany

3 Department of Orthopaedic Surgery, University of Ulm, Oberer
Eselsberg 45, 89081 Ulm, Germany

International Orthopaedics (SICOT) (2015) 39:2355–2362
DOI 10.1007/s00264-015-2859-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s00264-015-2859-7&domain=pdf


primary risk factor in patellar dislocation [7, 8, 11, 24, 29]. In a
CT-study, H. Dejour et al. [7] found that femoral anteversion
in controls was 10.8 and 15.6° in patients with objective pa-
tellar instability (P=0.013). Similarly in an MRI study,
Diederichs et al. [8] found a 1.56-fold higher mean femoral
anteversion in patients with a history of patellofemoral insta-
bility compared with controls.

As the MPFL is the main static restraint to lateral displace-
ment of the patella, its reconstruction to prevent recurrent
dislocations has become increasingly popular. In patients with
severely increased femoral anteversion however, MPFL re-
construction as an isolated procedure might not be sufficient,
as it does not address the underlying increased femoral torsion
[22, 24]. Additionally there is concern over residual or ongo-
ing patellofemoral pain because of increased forces in the
patellofemoral joint.

A combined correction of femoral anteversion and recon-
struction of the MPFL is therefore reasonable in this patient
group with rotational abnormalities, when doing a primary
stabilization procedure. This study describes the operative
technique and the clinical outcome of 12 patients with a min-
imum follow-up of 12 months after combined femoral
derotation osteotomy and patellofemoral ligament reconstruc-
tion for recurrent patellar dislocation.

We hypothesised that in patients with severely increased fem-
oral anteversion, combined correction of femoral anteversion
and reconstruction of the MPFL would prevent redislocation
of the patella and lead to improved knee function.

Materials and methods

Patients

This study was approved by the ethics committee of the insti-
tution. Between 2011 and 2013, 12 patients with severely
increased femoral anteversion underwent combined femoral
derotation osteotomy and reconstruction of the MPFL. Inclu-
sion criteria were patients with severely increased femoral
anteversion (anteversion angle >25°) (Fig. 1), who had expe-
rienced at least two recurrent dislocations of the patella despite
a non-operative treatment program. Patients with high-grade
trochlear dysplasia were excluded, as in these patients an ad-
ditional trochleoplasty was performed. Only patients with a
minimum follow-up of 12 months were included in this study.

Anatomical reconstruction of the MPFL was performed
using a pedicled superficial quadriceps tendon graft. All oper-
ations were performed by the author.

Evaluation methods

Preoperative radiographic examination of the knee included
AP (standing, weightbearing) and lateral views to assess

patella alta, signs of malalignment and to exclude further skel-
etal abnormalities. Patellar height was measured on lateral
radiographs utilizing the method described of Insall and
Salvati [13].

In all patients, tibial and femoral torsion were evaluated by
magnetic resonance imaging as described by Tomczak at al.
[31]. Femoral anteversion was defined as the angle formed
between a line parallel to the femoral neck (femoral neck axis)
and the distal femur (defined by a line running through the
most posterior points of the medial and lateral femoral con-
dyles). Severely increased femoral anteversion was defined
when the measured anteversion angle exceeded 25°.

Tibial torsion was defined as the angle formed between a
line parallel the posterior border of the tibial plateau and a line
and a line drawn through the centers of the medial and lateral
malleolus on an axial view [30].

In all patients, trochlear dysplasia and the TT-TG distance
were evaluated by magnetic resonance imaging (MRI). To
assess trochlear dysplasia, the most proximal cradiocaudal
axial MRI slice (fat- saturated proton density–weighted fast
spin echo imaging sequence; 1.5-T VA17A Symphony, ATim
System, Siemens, Munich, Germany), on which the cartilage
along the entire width of the trochlea was visible, was ana-
lyzed. Only patients with no or mild trochlear dysplasia were
included in the study. Severe trochlear dysplasia was defined
as the presence of a dome-shaped chondral surface of the
proximal trochlea. The distance between the tibial tuberosity

Fig. 1 View from the front visualizing the squinting patellae on both
sides with both femurs having greater than 30° anteversion
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and the trochlear groove (TT-TG) was evaluated on
superimposed axial slices. All measurements were performed
by the same observer.

Pre- and postoperative knee assessment consisted of eval-
uation of symptoms and clinical examination, including,
crepitus, range of motion, patellofemoral pain and patellar
apprehension. Femoral anteversion was measured clinically
according to the technique described by Ruwe et al. [26].

Knee function was assessed with the Kujala score [15],
International Knee Documentation Committee score (IKDC)
[14], Activity Rating Scale (ARS) [18], Tegner activity score
[30] and visual analog scale (VAS). Patient satisfaction with
the procedure was also recorded. The final clinical outcome
was rated as very satisfied (knee functionmuch exceeded their
preoperative status), satisfied (knee function improved with
no subluxation), partially satisfied (knee function improved
but still apprehensive), not satisfied (knee function same as
preoperative status with one or more episodes of patellar
subluxation).

Surgical technique

All patients were examined under anaesthesia. An arthroscopy
was then performed via a standard lateral portal to rule out
further intraarticular pathologies and to evaluate the trochlear
and retropatellar cartilage. An additional superolateral portal
was used to visualize the proximal part of the patellofemoral
joint. Trochlear dysplasia and chondral defects were assessed.
The degree of degenerative changes of the patellofemoral joint
was recorded according to ICRS [3].

Femoral derotation osteotomy

A longitudinal incision was made beginning inferiorly at the
superomedial border of the patella. The subcutaneous tissue
was incised and the fascia of the vastus medialis muscle was
dissected. The muscle was then elevated and dissected as far
as necessary from the intermuscular septum.

The distal insertion of the vastus medialis muscle was in-
cised just proximal to the medial patellofermoral ligament at
the distal end of the exposure. The intermuscular septum was
then incised carefully, close to the bone and parallel to the
femoral shaft. The soft tissues at the back of the knee were
separated from the distal femur. A blunt Hohmann retractor
was used to protect the neurovascular bundles behind the fem-
oral shaft. The position of the osteotomy and plate were then
determined on the anteromedial femur, with care taken to re-
main proximal to the site of MPFL graft fixation (Fig. 2). Two
Schanz screws were then inserted parallel, proximal and distal
to the planned osteotomy in order to facilitate derotation
(Fig. 3a). It is important to place the Schanz screws in a posi-
tion where they do not impede later positioning of the plate.
Two parallel Kischner wires were placed under image

intensifier perpendicular to the femoral shaft in order to guide
the direction of the osteotomy. (Fig. 2). The osteotomy was
performed with drill holes and with an oscillating saw,
protecting the soft tissue with a Hohmann retractor. Derotation
of the distal fragment was then performed to the desired
amount of correction (Fig. 3b). Care was taken to avoid a
sagittal or coronal plane deformity. Definitive fixation of the
osteotomy was performed with a locking compression plate
(TomoFix Medial Distal Femur Plate, Synthes, Umkirch,
Switzerland) according to the manufacturer’s recommenda-
tions (Fig. 3b).

Reconstruction of the MPFL was performed using a pedi-
cled quadriceps graft.

Through the same incision, the subcutaneous tissues were
divided to expose the quadriceps fascia and tendon. The initial
superficial vertical incision of the tendon was made 2 to 3 cm
proximal to the superior patellar pole because the superficial
slip of the tendon is easiest to differentiate at this level [21]. In
addition, this incision wasmade 2 to 4mm lateral to the border
of the vastus medialis, thus preserving a thin strip of the me-
dial tendon (Fig. 4a). The second vertical incision was made
into the tendon approximately 12 to 15 mm lateral to the first,
thus determining the width of the graft [21].

The most superficial layer of the quadriceps tendon was
elevated from the deeper tendon (Fig. 4b). Staying in the same
plane, the graft was then carefully dissected superiorly, as far
as the musculotendinous junction of the rectus femoris if
possible.

Fig. 2 Intraoperative fluoroscopy demonstrating the level of the planned
osteotomy (transverse K wire) and projected position of the locking plate
proximal of the femoral insertion of the MPFL
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The graft was divided at its superior end and reflected to
expose the posterior surface. Harvesting of the graft then contin-
ued distally to a point over the proximal patellar third. The
superficial slip of the quadriceps tendon inserts into the anterior
portion of the base and the superior third of the anterior surface
of the patella [21]. Care was taken not to accidentally divide the
graft at its inferior attachment to the patella during dissection.

By blunt dissection the interval between the capsule and
the vastus medialis obliquus was developed to the femoral
insertion of the MPFL. Using the indirect radiographic meth-
od [27] the anatomical femoral insertion of the MPFL was
identified under fluoroscopic control. A guide pin was placed
at the femoral insertion. Fluoroscopy was used to confirm the
correct placement of the guide-pin. After verification of the
entry-point the guide-pin was drilled to the lateral condyle.
The direction of the drill hole was determined under radio-
graphic control in order to avoid collision with the screws of
the locking plate (Fig. 5a). Then a medial blind tunnel was
drilled along the guide pin to accommodate a single thickness
of graft to an adequate depth to allow optimal graft tensioning.
The graft was then passed between the second and third layers

of the medial retinaculum to the femoral insertion point. A
locking suture was passed through the transepicondylar axis
pulling the graft into the medial tunnel (Fig. 5b). The knee was
cycled several times from full flexion to full extension with
the graft under tension. The graft was then secured within the
medial condyle tunnel using a bioresorbable interference
screw with the knee flexed to 30° avoiding excessive tighten-
ing of the graft. Finally, closure of subcutaneous tissues and
skin was performed. Routine dressings and bandages were
applied.

Rehabilitation

Postoperatively, partial weight-bearing using crutches was
allowed. Daily physiotherapy with active and passive flexion
and extension exercises of the knee, strengthening of the
vastus medialis muscle and straight leg-raise exercises was
recommended. Full weight-bearing was allowed at 6 weeks
and return to sport earliest at the third postoperative month
depending on radiological evidence of healing.

A B

Fig. 3 Intraoperative photograph demonstrating the two Schanz screws
inserted into the femur proximal and distal to the planned osteotomy in
order to facilitate derotation. The osteotomy was performed with drill

holes and with an oscillating saw (a). Fixation with a locking plate after
a femoral derotation osteotomy. The degree of desired correction is
visualized by the small vertical cuts (black arrows) (b)

A B
Fig. 4 Intraoperative photograph
demonstrating incision of the
quadriceps tendon lateral to the
border of the vastus medialis (a).
The superficial slip of the
quadriceps tendon is elevated
from the deeper tendon. Staying
in the same plane, the graft is then
carefully dissected superiorly,
keeping the middle and deep
laminae intact (b)
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Statistical analysis

Continuous variables were summarized as median, minimum
and maximum. Nominal and ordinal variables were analyzed
using frequencies. The values of preoperative and postopera-
tive scores were compared using the Wilcoxon signed-rank
test. The interrelation between patellar height, TT-TG, femoral
anteversion and tibial torsion and outcome scores was inves-
tigated using the Spearman’s rank correlation coefficient. Sta-
tistical analysis was carried out using SAS 9.2 (SAS Institute,
Cary, NC, USA). Due to the explorative nature of this study,
no adjustment for multiple testing was made. A p-value less
than 0.05 was considered significant. The results of all statis-
tical tests are interpreted in an exploratory sense.

Results

There were 12 combined femoral derotation osteotomies and
reconstruction of the MPFL performed with no loss to
followup. The mean age of the patients at the time of operation
was 18.2 years (range, 15–26 years). The average postopera-
tive follow-up was 16.4 months (range, 12–28 months). 2
patients had undergone previous surgery (medial reefing) pri-
or to the index surgery. All patients were female.

Preoperative AP and lateral radiographs and MRI were
available for all patients. Patient characteristics are described
in Table 1.

Preoperative physical examination showed a positive
apprehension-sign in all patients. The J-sign was positive in
7/12 patients.

At arthroscopy, chondral lesions of the retropatellar carti-
lage ICRS grade 1 were observed in 7 knees and grade 2 in

one knee. In four knees, no degenerative changes were detect-
ed. Chondral lesions of the trochlear cartilage grade 1 were
observed in three knees, grade 2 in one knee. In 8 out of 12
patients, no degenerative changes were detected.

Clinical outcome

There have been no recurrent dislocations. All patients had
healing of their osteotomy. A mild flexion deficit of 10° was
measured in 2 knees at follow up, without subjective impair-
ment. No extension deficit was measured. All other knees
regained full extension and flexion.

Eight patients were rated as Bvery satisfied^ with the surgical
procedure, 3 patients were Bsatisfied^ and one was Bpartially
satisfied^. No patient was not satisfied with the procedure.

The median Kujala-score improved significantly from 69
preoperatively (range, 46–77) to 92.5 at follow-up (range, 73–
100, p< 0.01). The median IKDC-score improved

A B

Fig. 5 Intraoperative
fluoroscopy demonstrating the
relation of the femoral insertion of
the MPFL graft in relation to the
locking plate and screws (a). A
horizontal direction of the drill
hole prevents collision with the
screws (b)

Table 1 Patient characteristics

Variable Value

Age at time of primary surgery y,
median (range)

18.2 (15–26)

Follow-up (range), mo 16.4 (12–28)

Male patients, n 0

Female patients, n 12

Patients with previous operations, n 2

Insall-Salvati index, median (range) 1.2 (1.05–1.3)

Tibial tuberosity–trochlear groove
distance, cm, median (range)

1.7 (1.5–2.0)

Femoral anteversion, median (degree) 33.8 (28–40)

Tibial torsion, median (degree) 31.7 (26–38)
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significantly from 60 preoperatively (range, 32–80) to 85 at
follow-up (range, 75–95, p<0.01). The patients were addi-
tionally asked to compare their function pre- and postopera-
tively on a scale from zero (cannot perform daily activities) to
ten (no limitation in daily activities). The median knee func-
tion improved significantly from 5 (range, 3–7) preoperatively
to 8 (range, 6–10) at follow-up (p<0.01). The median VAS
illustrated significant preoperative to postoperative improve-
ment from 4 (range, 1–6) to 1.5 (range, 0–3) (p<0.01). Addi-
tionally 8 patients emphasized the better cosmetic alignment
of the patella with reduced squinting of the patella and im-
proved squatting of the knee.

The Spearman’s rank correlation coefficient did not reveal
a significant relation between extent of femoral anteversion,
tibial torsion, patella alta and Kujala and IKDC scores.

The activity level according to the Tegner activity score
increased from 4.0 preoperatively (range, 2–8) to 4.5 postop-
eratively (range, 3–8), which was not statistically significant
(p=0.75), (Table 2). The median ARS did not show statisti-
cally significant changes from 5 preoperatively (range, 2–16)
to 5 at follow-up (range, 2–16) (p=1.0) (Table 2).

Complications

Two patients required a prolonged rehabilitation for limited
flexion 6 weeks after surgery. Full range of motion was
achieved after an intensified physiotherapy program. No de-
layed unions of the osteotomy, no wound infections or deep
infections occurred.

Discussion

In this prospective study, combined femoral derotation
osteotomy and anatomical reconstruction of the MPFL led to
significant improvement of knee function and good patient
satisfaction in young patients with severely increased femoral

anteversion and patellofemoral instability. There were no
redislocations and an overall low complication rate.

Various authors have emphasized the role that rotational
malalignment plays as a risk factor for patellofemoral instabil-
ity [7, 11, 24]. Diederichs et al. [8] postulated that increased
femoral torsion might be a primary risk factor in patellar dis-
location that has so far been underestimated. The mechanical
basis for the increased risk likely lies with an increased in the
Q angle resulting from the femoral anteversion, which in-
creases laterally directed forces on the patella [24]. It can even
be speculated, that there may be long term benefits to
derotating the femur in this patient population, because of
the potential for decreasing cartilage overload.

Compared with frontal- and sagittal-plane deformities of
the lower limb, which are apparent on clinical examination
and conventional radiographs, rotational deformities are often
missed or ignored because of difficulties in their assessment
[6]. Moreover, a higher index of suspicion for rotational
malaligment is required when assessing patients with recur-
rent patellofemoral instability.

Reconstruction of the MPFL as an isolated procedure has
shown good results [2, 4, 5, 12]. However in the presence of
increased femoral anteversion, reconstruction of the MPFL
without concomitant correction of the torsional deformity
may be at increased risk of failure since the laterally-directed
patellofemoral joint forces are unaddressed and lead to in-
creased tension across the MPFL reconstruction [22, 24].

When a patient remains symptomatic with patellofemoral
pain or instability in presence of an increased Q angle, a fre-
quently recommended surgical procedure is a medialization
osteotomy of tibial tubercle. However, this osteotomy in-
creases the external tibial torsion and, in the presence of un-
derlying rotational malalignment, may exacerbate symptoms
[24].

Although there are numerous studies emphasizing the im-
portance of increased femoral anteversion as risk a factor for
patellofemoral instability [7, 8, 11, 29], there are no studies
evaluating the operative treatment in this group of patients.
Femoral derotational osteotomy for persistent femoral
anteversion is performed most commonly in adolescents and
young adults, as remodelling after this age is minimal [19, 25].

Whereas there are several studies that evaluated the com-
bined reconstruction of the MPFL with a tibial tuberosity
transfer or trochleoplasty [1, 10, 20, 23], to our knowledge
this is the first study that describes the technique and clinical
outcome of a combined femoral derotation osteotomy and
anatomical reconstruction of the MPFL in patients with
patellofemoral instability and increased femoral anteversion.

Interestingly, in our study group there were no patients with
increased external tibial torsion, whichmay typically be found
in patients with miserable malalignment. This however con-
curs with two previous studies, which also found increased
femoral anteversion without increased external tibial torsion

Table 2 Comparison of pre- and post-operative Kujala Knee Function
Score, International Knee Documentation Commitee Score (IKDC), vi-
sual analog scale (VAS), Tegner Activity Score and Activity Rating Scale
(ARS)

Score Pre-operative score Post-operative score p-value

Kujala score 69 (46 to 77) 92.5 (73 to 100) <0.01

IKDC score 60 (32 to 80) 85 (75 to 95) <0.01

VAS 4 (1 to 6) 1.5 (0 to 3) <0.01

Tegner score 4 (2 to 8) 4.5 (3 to 8) =0.75

ARS 5 (2 to 16) 5 (2 to 16) =1.0

Values are expressed in median (range)

p significant at<0.05 (Wilcoxon signed-rank test)
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in patients with patella dislocations [7, 8]. Using CT, Dejour
et al. [7] found a significant difference in femoral anteversion
between patients with dislocations and controls (15.6° vs.
10.8°) but no significant difference for external tibial torsion
(33° vs. 35°).

In the study by Diederichs et al. [8] no significant differ-
ences in tibial torsion were found in patients with
patellofemoral instability compared to the control group. Con-
sequently, no tibial derotation osteotomies had to be per-
formed in our study group. In patients with clinically in-
creased anteversion, magnetic resonance imaging (MRI) to
assess abnormal rotational alignment of the lower limb is rec-
ommended. When an increased anteversion is present, a con-
comitant derotational osteotomy should be considered.

Several surgical technique issues need to be considered
when performing a femoral derotation osteotomy in combina-
tion with a MPFL reconstruction.

1. Violation of the MPFL graft can be avoided by carefully
planning the level of the osteotomy so that the distal tip of
the plate is placed proximal to the MPFL femoral tunnel.

2. The direction of the femoral tunnel for MPFL graft place-
ment has to be confirmed by fluoroscopy in order to avoid
collision with the screws of the locking plate.

The significant improvement in IKDC and Kujala scores
and the decrease in VAS pain levels demonstrate the ability of
the combined femoral derotation osteotomy and anatomical
reconstruction of the MPFL to improve function and relieve
clinical symptoms of patients with patellofemoral instability.
Additionally, some patients in our series described increased
comfort when walking and squatting, which we hypothesize is
probably due to the corrected intoeing.

Although in our cohort no major complications occurred,
there are different downsides of the procedure, which have to
be discussed with the patient: The risk non-union or mal-
union, over or under correction. Need for plate removal and
possibly the need to do a derotation osteotomy on the other leg
so they are symmetric.

In our patient cohort, physical activity as measured with the
Tegner activity score and the activity rating scale did not in-
crease significantly in the postoperative period. This was de-
spite there being no redislocations and 92 % of the patients
reporting being satisfied or very satisfied with their knee func-
tion. Most patients were concerned about the risk of re-
dislocation during vigorous sports and therefore personally
chose to limit their activities.

A major strength of this case series is the fact that all oper-
ations were performed by a single surgeon and that a
standardised operative technique without additional proce-
dures was evaluated. There are obvious limitations of this
study. The numbers are relatively small and only short-term
results are reported. Although the combined procedure was

found to be successful, the long-term outcome is not yet
known. Another limitation of the study is the lack of a control
group. Because the combined procedure has become the stan-
dard procedure in our institution in patients with severe rota-
tional abnormalities and patellofemoral instability a control
group is not available at our center.

Conclusion

Combined anatomical reconstruction of the MPFL and distal
femoral derotational osteotomy resulted in significant im-
provement in knee function, good patient satisfaction and no
recurrent dislocations with acceptable morbidity in young pa-
tients with increased femoral anteversion and patella
instability.
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