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a b s t r a c t
Background: Patellar instability can cause signiﬁcant disability in both pediatric and adult patients, and it is associated with several factors including genu valgum. In this study, we describe the role of a lateral opening wedge distal femoral osteotomy (DFO) combined with
lateral retinacular release in addressing genu valgum with associated patellar instability. The
rationale for this approach is to medialize the patellar tendon insertion and decrease the Q
angle with DFO.
Methods: A consecutive series of patients were studied, and our outcomes of interest included
improvements in radiographic measures and patient outcomes. Radiographic improvement
was assessed using patella congruency angle (PCA), mechanical axis deviation (MAD), and lateral distal femoral angle (LDFA). Patient outcomes were assessed using Oxford Knee scores,
KOOS-PS scores, VAS pain scores, and Kujala scores.
Results: We studied eight patients (10 knees) that underwent a lateral opening wedge DFO for
genu valgum and patellar instability. Mean follow-up duration was 27 months. PCA improved
from 30.4° lateral preoperatively to 5.7° lateral postoperatively (p = 0.016). Similarly, MAD
improved from 33.1 mm lateral to 6.5 mm medial, and LDFA improved from 82.4° to 92.7°
after surgery (p = 0.002). There were signiﬁcant improvements in VAS pain and Kujala scores
after surgery (p b 0.05), and a trend towards improvement in KOOS-PS scores (p = 0.14). The
mean Oxford Knee score at follow-up was 36.25.
Conclusion: There is an important relationship between mechanical alignment and patellar instability. Lateral opening wedge DFO is an effective treatment for patellar instability in patients
with genu valgum.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Patellar instability including patella tilt, subluxation, and dislocation is a common cause of complaint and activity limitation in
both pediatric and adult patients. The source of patellar instability may be secondary to congenital or developmental disorders in
young patients or trauma in previously asymptomatic patients [1]. The patella tracks within the trochela of the femur, and the
medial and lateral femoral condyles provide osseous stability. A multilayer soft tissue envelope encompasses the patellofemoral
joint on the medial and lateral sides [2–5], and also plays a role in patellofemoral stability. Clinically, Q angle and patellar hypermobility are used to assess patellar maltracking and represent the laterally directed force on the patella [6]. All in all, abnormalities in bony architecture such as trochlear dysplasia and patella alta; mechanical malalignment such as genu valgum; abnormal
⁎ Corresponding author.
E-mail address: swarupi@hss.edu (I. Swarup).

http://dx.doi.org/10.1016/j.knee.2017.02.004
0968-0160/© 2017 Elsevier B.V. All rights reserved.

I. Swarup et al. / The Knee 24 (2017) 608–614

609

geometric vectors characterized by the Q angle; and tightness of the lateral patellar soft tissues may result in patellar maltracking,
instability or dislocation [1,7,8].
Several risk factors for patella instability have been described including patient characteristics such as age, ligamentous laxity,
patellofemoral dysplasia, and rotational abnormalities [1,7]; as well as environmental factors such as trauma [1]. Recent reports
have also suggested that valgus instability [8] and genu valgum [9,10] may be associated with patellar instability. Various treatment strategies have been described for managing patellar instability, including soft tissue realignment or reconstruction procedures, distal realignment procedures involving the tibial tubercle, and even total knee arthroplasty in cases of neglected
permanent patellar dislocation [11,12]. In addition, there are a handful of case reports in the literature of distal femoral realignment procedures for the treatment of patellar dislocation. More speciﬁcally, Kwon et al. performed a medial closing wedge
ostetomy of the distal femur, medial reeﬁng and lateral retinacular release for a patient with congenital patellar dislocation,
genu valgum, and lateral compartment osteoarthritis [9]. Similarly, Purushothaman et al. performed a lateral opening wedge
osteotomy of the distal femur and medial patellofemoral ligament (MPFL) reconstruction for a patient with chronic posttraumatic patellar dislocation and genu valgum [10].
Despite the relationship between mechanical alignment, soft tissue dynamics, and patellar instability, there is a paucity of data
regarding the clinical and radiographic outcomes after distal femoral realignment procedures for patellar instability. The current
literature is limited to single case reports with limited outcomes and follow-up [9,10,13]. In this paper, we present our experience
with distal femoral osteotomy (DFO) for genu valgum with associated patellar instability. We will describe clinical presentation,
surgical planning, surgical technique, and radiographic and clinical outcomes after surgery. Our goal is to increase the awareness
of the relationship between genu valgum and patellar instability, as well as describe a successful and reliable treatment option for
this complex problem.

2. Methods
We retrospectively reviewed the clinical charts and radiographs of a consecutive series of patients with symptomatic genu
valgum deformity and patellar subluxation or dislocation. All patients were treated with lateral opening wedge DFO and lateral
retinacular release. The indication for surgery was symptomatic genu valgum deformity and patellar instability. Symptomatic
genu valgum deformity was deﬁned as the presence of lateral knee pain. Patellar instability was deﬁned as a history of patellar
subluxation or dislocation, or ﬁndings of patellar instability on physical exam or preoperative radiographs. Patients with advanced
osteoarthritis were excluded from this study. This study was approved by our IRB and all authors vouch for the accuracy of the
presented data and analyses.

2.1. Patient characteristics
Eight patients underwent a lateral opening wedge DFO between June 2010 and October 2014. A total of 10 knees were included in the analysis (six unilateral and two bilateral DFO with lateral retinacular release). Nine knees were noted to be subluxed on
preoperative exam, and one knee was completely dislocated. Approximately half of all knees had evidence of patella alta as measured by the Blackburne-Peel ratio (Mean: 1.24, Range: 0.92–1.52). All knees had evidence of trochlear dysplasia, with Dejour
type B being the most common (type A – three knees; type B – ﬁve knees; type C – one knee). The patient with the complete
patellar dislocation underwent a concomitant tibial tubercle ostetomy; two patients underwent a tibial osteotomy for additional
coronal plane deformity; and one patient underwent a proximal femoral derotational osteotomy. None of patients in our study
demonstrated evidence of advanced cartilage wear on preoperative radiographs. However, two patients were noted to have a
one centimeter Grade III lesion in the lateral patellar facet intra-operatively that was micro-fractured. The mean age of patients
at the time of surgery was 50 (Range 23–68), and all patients were female (Table 1).

Table 1
Patient demographics and outcomes.
Patient

Age

Gender
(M/F)

Laterality
(L/R)

Patella
position

Pre-op
KOOS-PS

Post-op
KOOS-PS

Pre-op
VAS

Post-op
VAS

Pre-op
Kujala

Post-op
Kujala

Oxford Knee
Score

1
2
3
4
5
6
7

59
53
68
53
52
33
60

F
F
F
F
F
F
F

L
L
L
R
R
R
Bilateral

Subluxation
Subluxation
Subluxation
Subluxation
Subluxation
Dislocation
Subluxation

23

F

Bilateral

Subluxation

35.3
18.6
0
–
24.9
14.8
L 31.8
R 33.6
L 5.6
R 5.6

–
10
–
–
7
0
L5
R6
L 5.5
R 5.5

2
0
–
–
4
0
L1
R 2.5
L2
R2

–
11
–
–
73
76
L 56
R 42
L 56
R 59

65
70
–
–
71
95
L 90
R 80
L 68
R 68

–
23
41
–
40
38
40

8

37
100
0
–
22
10.5
L 35.3
R 37
L 31.8
R 31.8

34
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2.2. Surgical technique
After spinal anesthesia was administered, all patients were positioned supine on a radiolucent table. A bump was placed
under the ipsilateral buttock to maintain the leg in a neutral rotational position. The entire limb was prepped and draped into
the sterile ﬁeld, and a sterile tourniquet was applied. A six-inch incision was made over the lateral distal femur. The iliotibial
band was then incised and the vastus lateralis was elevated and dissected off the lateral intermuscular septum to expose the
distal lateral femoral shaft. An oblique osteotomy was made from lateral to medial in the supracondylar femur. Approximately
one centimeter of the medial cortex was left intact in order to hinge the osteotomy, and ﬁxed with a Tomoﬁx® locking plate
(Synthes, West Chester, PA, USA). The amount of opening wedge performed of the lateral cortex was based on preoperative planning of hip to ankle standing radiographs and intraoperative assessment of mechanical axis alignment. The goal was to correct the
valgus deformity. After plate ﬁxation, the osteotomy site was grafted with allograft freeze-dried cancellous chips and grafton DBM
putty. A lateral release was then performed by incising the retinaculum from the superior edge of the patella to the lateral joint
line and the lateral aspect of the patella tendon. Patella tracking was checked at this point, and if there was residual patellar instability, we performed a tibial tubercle medialization osteotomy. A tibial tubercle osteotomy was needed only in one patient who
had a complete patellar dislocation. Preoperative and postoperative radiographs of a patient with bilateral DFOs are shown in
Figure 1.

2.3. Postoperative care
Postoperatively, patients were allowed to bear 30 lb of weight for six weeks, and weight-bearing was then advanced as tolerated. All patients also began immediate range of motion (ROM) exercises of the knee using a continuous passive motion (CPM)
device, and performed postoperative physical therapy for strengthening, stretching, as well as active and passive ROM of the knee.
If a tibial tubercle osteotomy was performed, the knee was braced in full extension during ambulation and active extension of the
knee and passive knee ROM beyond 90 degrees were restricted for the ﬁrst six weeks after surgery. All patients were evaluated
postoperatively with radiographs at two weeks, six weeks, three months and six months after surgery.

2.4. Outcomes of interest
Our primary outcome of interest was the patella congruency angle (PCA). In particular, we were interested in evaluating the
change or improvement in PCA with surgery. In order to measure the PCA, Merchant X-rays of the knees were obtained preoperatively and postoperatively, and the sulcus angle was measured. The sulcus angle is deﬁned as a measurement between two
lines connecting the deepest point of the femoral groove to the highest points of the medial and lateral femoral condyles. The
PCA was measured by drawing a line bisecting the sulcus angle, and then measuring the angle between the bisecting line and
another line connecting the apex of the sulcus to the lowest aspect of the patellar ridge (Figure 1b and d). By convention, the
PCA is negative since the lowest part of the patella is medial to the bisecting line, however normal values are −6° ± 11° [14].
We also obtained 51″ full-length, standing AP radiographs preoperatively and postoperatively, and measured the mechanical
axis deviation (MAD) and lateral distal femoral angle (LDFA) [15]. Normal MAD is typically 8 ± 7 mm medial to the center of
the knee, and normal LDFA is typically 87.5° ± 2° [16]. All measurements were performed by the senior author (SRR) using
the methods described by Paley [15].
In addition, we assessed patient outcomes using Oxford Knee scores, Knee Injury and Ostoearthritis Outcome Score Physical
Function Shortform (KOOS-PS), VAS pain scores, and Kujala questionnaire. The Oxford Knee score is a knee speciﬁc outcome,
and it is used to assess outcomes after knee surgery, including osteotomies. Oxford Knee scores ranges from 0 to 48 with
higher scores indicating better joint function [17]. Oxford Knee scores were obtained postoperatively in our study. The KOOSPS is a 7-item measure of physical function and it is based on the larger KOOS survey. This survey is used to assess limitations
with activities related to the patient's knee, and it has been previously used in patients with osteotomies around the knee.
KOOS-PS scores range from 0 to 100 with lower scores representing no difﬁculty [18]. VAS pain scores ranged from 0 to 10
with lower values representing less pain. The Kujala questionnaire is a validated outcome measure for patellofemoral disorders,
including patellar subluxation and dislocation. Higher Kujala scores represent less symptoms and functional limitation [19].
KOOS-PS scores, VAS pain scores, and Kujala scores were obtained postoperatively, and patients were asked to complete a preoperative and postoperative assessment of their condition. All questions were asked with the last week as the reference point, and
each survey was knee-speciﬁc.

2.5. Statistical analysis
Descriptive statistics were reported in terms of means and ranges. Wilcoxon signed rank test was used to compare all
preoperative and postoperative radiographic measurements. Paired t-test was used to determine any difference between preoperative and postoperative KOOS-PS scores, VAS pain scores, and Kujala scores. All analyses were conducted using SAS version
9.3 (SAS Inc., Cary, NC).

I. Swarup et al. / The Knee 24 (2017) 608–614

611

A
B

C

D

Figure 1. Case illustration: A) preoperative mechanical alignment; B) preoperative patella congruency angle; C) postoperative mechanical alignment;
D) postoperative patella congruency angle.

3. Results
3.1. Patient follow-up
Mean follow-up duration was 27 months (Range: ﬁve months to 52 months). Routine bony union was noted in nine knees,
and delayed union occurred in one knee. The delayed union was treated with iliac crest bone grafting, and subsequently
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progressed to union. Union was assessed radiographically and clinically by the presence or absence of pain. The mean time to clinical and radiographic union was three months (Range: three months to six months). Range of motion was maintained or improved in all cases.
3.2. Radiographic outcomes
Preoperative and postoperative PCA data was available for eight knees. One knee was noted to have a complete dislocation before
surgery, and preoperative PCA could not be assessed. Postoperatively, the PCA of this knee improved to 22° lateral. For the remaining
knees, the mean PCA improved from 30.4° lateral to 5.7° lateral (p = 0.016). Preoperative and postoperative MAD and LDFA data was
available for all 10 knees. The mean MAD improved from 33.1 mm lateral to 6.5 mm medial (p = 0.002). Similarly, the mean LDFA
improved from 82.4° to 92.7° (p = 0.002) (Table 2).
3.3. Patient outcomes
Postoperative Oxford Knee scores were available for eight knees. The mean Oxford Knee score at follow-up was 36.25 (Range:
23–41). Preoperative and postoperative KOOS-PS scores were available for nine knees (Table 1). The mean KOOS-PS scores improved from 33.9 preoperatively to 18.9 postoperatively (p = 0.14). Similarly, preoperative and postoperative VAS and Kujala
scores were available for seven knees. VAS pain scores improved from 5.6 pre-operatively to 1.6 post-operatively (p = 0.01)
and Kujala scores improved from 53.3 pre-operatively to 77.4 post-operatively (p = 0.02). None of the patients in our study experienced subluxation or re-dislocation after surgery. Patellar instability symptoms improved as validated by our radiographic outcomes as well as the KOOS and Kujala scores.
4. Discussion
Patellar instability is a common source of discomfort and functional impairment in both children and adults. There are several
factors associated with patellar instability, including mechanical alignment and genu valgum. A lateral opening wedge DFO and
lateral retinacular release is an effective way to address patellar instability and correct abnormalities in mechanical alignment.
Furthermore, rotational abnormalities may also contribute to patellar instability, and a derotation osteotomy may be needed to
improve patellar tracking. Dickschas et al. reported signiﬁcant pain relief and correction of patellar tracking with femoral
derotation osteotomies in patients with torsional deformity of the femur causing anterior knee pain and patellar instability
[20,21]. One patient in our study needed a femoral derotational osteotomy in conjunction with a lateral opening wedge DFO to
correct all abnormalities. The derotation osteotomy and the lateral opening wedge DFO were performed at different levels of
the femur. The derotation osteotomy was performed proximally with 45 degrees of external torsion correction, and ﬁxation
was achieved using an intramedullary rod. The lateral opening wedge DFO was performed distally using the technique described
above.
In our study, all patients had a signiﬁcant improvement in their patellar congruency and mechanical alignment after surgery
(Figure 1). There was a signiﬁcant improvement in VAS pain and Kujala scores postoperatively, as well as a trend towards significant improvement in KOOS-PS scores after surgery. In addition, Oxford Knee scores show that the majority of patients had satisfactory knee function after surgery, and no patients had scores consistent with severe arthritis at follow-up [17].
Clinically, patellar instability is often conceptualized and quantiﬁed using the Q angle [6]. The Q angle is dependent upon the
alignment of the lower extremity, and larger Q angles result in an increased laterally-directed subluxation vector on the patella
[22]. A lateral opening wedge DFO medializes the tibial tubercle, and decreases the Q angle (Figure 2). A decrease in Q angle
in combination with a lateral retinacular release subsequently helps to reduce the subluxation vector on the patella and decreases
patellar instability. In summary, our approach advocates for a combined lateral opening wedge DFO and lateral retinacular release
that helps to address the underlying mechanical malalignment, abnormal geometric vectors, and soft tissue abnormalities.
As a whole, this study has several strengths. To begin with, there are very few studies in the literature that discuss distal femoral realignment procedures as a treatment for patellar instability. In fact, there are only a handful of case reports in the literature
[9,10], and these reports focus on single patients with varying procedures, short follow-up, and limited radiographic and patient
outcomes. To our knowledge, this is the largest study to report on the outcomes of lateral opening wedge DFO as a treatment for
genu valgum with associated patellar instability. Furthermore, we provide a detailed discussion of our patient selection, surgical
technique, radiographic measures, and patient outcomes, which will be helpful to surgeons and patients. In addition, this study
Table 2
Radiographic outcomes.
Radiographic measure

Mean

SD

Minimum

Maximum

p-Value

PCA preop (° +lateral, −medial)
PCA postop (° +lateral, −medial)
MAD preop (mm +lateral, −medial)
MAD postop (mm +lateral, −medial)
LDFA preop (°)
LDFA postop (°)

30.43
5.71
33.10
−6.50
82.40
92.70

16.78
17.83
11.48
−4.93
3.24
2.50

14
−15
15
−13
76
90

53
35
51
0
85
96

0.016
0.002
0.002
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Figure 2. Improvement in Q angle and medialization of tibial tubercle after DFO.

is the ﬁrst to introduce the concept of medializing the tibial tubercle with a lateral opening wedge DFO. Introducing this concept
helps to further elucidate the mechanisms involved in patellar instability.
However, this study has several limitations as well. For example, this study has a small sample size and may be inadequately
powered to assess an improvement in KOOS-PS scores. In addition, we did not collect preoperative Oxford Knee scores, which
limits our ability to further assess improvement after surgery, and our other patient-reported outcomes were obtained postoperatively, which may introduce an element of recall bias. Regardless, this study provides detailed radiographic outcomes, and it uses
validated outcome measures to assess patient outcomes after surgery. Similarly, four patients underwent concomitant osteotomies
for deformity correction which may inﬂuence outcomes. However, these osteotomies were performed to address additional deformity that may have contributed to the patient's patellar instability, and our outcome measures focus on the knee. Furthermore, all
patients were female and the majority of patients were over the age of 50, which limits the generalizability of our results. However, symptomatic genu valgum with associated patellar instability occurs more commonly in older female patients, and these
patients continue to beneﬁt from distal femoral realignment procedures.
Overall, it is important to assess mechanical alignment in patients with patellar instability, and genu valgum may be the cause
for instability in a subset of patients. Rotational deformity of the femur may also contribute to patellar instability, and if present,
the frontal and rotational deformity should be corrected. In patients with patellar instability and genu valgum, a lateral opening
wedge DFO is a successful and reliable treatment option to address mechanical alignment and patellar instability. Future studies
should focus on quantifying the prevalence of mechanical malalignment in patients with patellar instability, as well as report on
more patients with long-term outcomes after distal femoral realignment procedures.
5. Conclusions
There is an important relationship between mechanical alignment and patellar instability, and mechanical alignment should be
assessed in all patients with patellar instability. Lateral opening wedge DFO is an effective treatment option for patients with genu
valgum and associated patellar instability. This procedure medializes the tibial tubercle and subsequently decreases the Q angle.
All patients in this study had signiﬁcant improvements in post-operative radiographic parameters and patient-reported outcomes
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after surgery. Rotational deformity may also contribute to patellar instability, and if present, this deformity may need to be
corrected for optimal results.
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