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What clinical characteristics and radiographic parameters
are associated with patellofemoral instability after kinematically
aligned total knee arthroplasty?
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Abstract
Introduction Thirteen patients presented with patellofemoral
instability out of 3212 knees treated with kinematically
aligned total knee arthroplasty (KA TKA) during a nine
year period. We determined the clinical characteristics and
post-operative radiographic parameters associated with
patellofemoral instability, and whether re-operation and pa-
tient reported outcome measures are different between pa-
tients with and without patellofemoral instability.
Methods Patients with patellofemoral instability were matched
1:3 to a control cohort based on date of surgery (±3 months),
age (±10 years), sex, pre-operative knee deformity (varus or val-
gus), and implant brand. We analyzed clinical characteristics and
seven post-operative radiographic parameters.
Results Patellofemoral instability presented atraumatically
(12 of 13) at 5 ± 4.7 months for a 0.4 % incidence at a mean
follow-up of 43 ± 36 months. No pre-operative clinical char-
acteristics were associated with instability. Patients with
patellofemoral instability had greater flexion of the femoral
component (11° versus 5°; p = 0.0012), a trend toward greater
external rotation of the tibial component (2° versus 0°; p =
0.2704), more reoperations (9 versus 0; p = 0.0026) and a
lower Oxford Knee Score (36 versus 42; p = 0.0045) than
controls.

Discussion Patellofemoral instability after kinematically
aligned TKA is infrequent, presents atraumatically, and is as-
sociated with greater flexion of the femoral component than
the control group.
Conclusion Minimizing flexion of the femoral component
might reduce the risk of patellofemoral instability by promot-
ing early engagement of the patella in the trochlear during
knee flexion.

Keywords Flexion of the femoral component . Kinematic
alignment . Knee arthroplasty . Oxford knee score .

Patellofemoral instability

Introduction

Patellofemoral instability results in subluxation and dislocation of
the patella, causing pain and functional impairment in patients
with native knees or after total knee arthroplasty (TKA) [1].
Patellofemoral complications including anterior knee pain, patel-
lar crepitus, and less frequently patellar subluxation, dislocation,
and fracture are causes of patient dissatisfaction and a reason for
revision after mechanically aligned TKA [2–4]. The intended
setting of the femoral component designed for mechanical align-
ment is 3° to 5° of external rotation relative to the posterior con-
dylar axis or the transepicondylar axis [5, 6] (Fig. 1).

Femoral components are designed to maximize the lateral
and proximal reach of the trochlea in order to promote early
patella engagement during the initiation of knee flexion, re-
store normal patellar tracking, reduce anterior knee pain, and
even the distribution of contact stress on the patella [7, 8].
Flexion of the femoral component is used to downsize the
femoral component when the medial-lateral width of the com-
ponent is wider than the femur and to assist in balancing the
flexion gap [9]. Flexion of the femoral component reduces the
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proximal reach on the anterior surface of the femur [8].
Internal rotation of the femoral component reduces the lateral
reach or distance between the lateral edge of the femur and
trochlea of the femoral component (Fig. 2 ) [8]. Hence, flexion
and internal rotation of the femoral component can compro-
mise engagement of the patella in the trochlea.

Kinematically aligned TKA has gained interest because
two randomized trials and a national multicentre study
showed that patients treated with kinematic alignment report-
ed significantly better pain relief, function, flexion, and a more
normal feeling knee than patients treated with mechanical
alignment [10–12]. Of concern is that kinematic alignment
uses a femoral component designed for mechanical alignment
and sets the femoral component tangent to the native distal
and posterior joint lines that are different from mechanical
alignment [13]. Kinematic alignment sets the femoral compo-
nent in an average of 5° more flexion, 2° more valgus rotation,
and 3° less external rotation than mechanical alignment ac-
cording to one randomized trial [11] (Fig. 1). Although both
the kinematically and mechanically aligned treatment groups
in the randomized trial had the same 4.5 % incidence of
patella-related complications requiring reoperation in the first
2 years, there is a concern that kinematically aligning a

femoral component designed for mechanical alignment in-
creases the risk of patellar-femoral instability [13].

In our consecutive series of 3212 knees treated over a nine year
period with kinematically aligned TKA, 13 patients presented
with patellofemoral instability. Because the clinical and radio-
graphic features of this type of failure has not been reported in
the literature, we performed a case–control study and asked two
questions: 1) What are the clinical characteristics and post-
operative radiographic parameters associated with patellofemoral
instability? and 2) Do patients with patellofemoral instability have
a higher incidence of reoperation and lower patient reported out-
come measures than a matched cohort of patients treated with
kinematically aligned TKAwithout patellofemoral instability?

Methods

Between January 2006 and January 2015 we treated all pa-
tients requiring a primary TKAwith kinematic alignment and
prospectively followed them in our knee replacement registry.
The indications for performing TKAwere (1) disabling knee
pain and functional loss unresolved with nonoperative treat-
ment modalities; (2) radiographic evidence of Kellgren-
Lawrence grade 3 or 4 arthritic change or osteonecrosis; (3)
any severity of varus or valgus deformity; (4) and any severity
of flexion contracture. Patients with prior femoral fracture,
tibial fracture, and high tibial osteotomy were included.

With approval of our institutional review board (IRB
796385–1) we 1) identified the implant brand, dates of use,
and surgical technique for all kinematically aligned TKAs
performed between January 2006 and 2015, 2) identified all
patients that presented with patellofemoral instability after
TKA (N = 13) (Table 1), and 3) randomly selected a cohort
of patients with stable patellofemoral joints and matched them
3:1 to patients with patellofemoral instability based on date of
surgery (±3 months), age (±10 years) sex, knee deformity
(varus or valgus), and implant brand (Table 2). During this
time 3212 primary kinematically aligned TKAs were per-
formed with posterior cruciate retaining implants. There were
837 knees treated with Vanguard CR (Zimmer Biomet,
Warsaw, IN), 1391 with Triathlon CR (Stryker, Inc,
Mahwah, NJ), 497 with Sigma CR (Depuy, Inc. Warsaw,
IN), and 487 with Persona CR (Zimmer Biomet, Warsaw, IN).

Patient-specific instrumentation (PSI) was used in 995
knees (OtisMed Corporation, Alameda, CA, USA) until
October 2009 and an evolving technique that used manual
instruments was used in 2217 knees that has been previously
described [11, 14]. Both surgical techniques used distal and
posterior referencing to set varus-valgus and internal-external
rotation of the femoral component tangent to the joint lines of
the native knee. The patient-specific instrumentation tech-
nique used a femoral cutting guide to set the flexion of the
femoral component based on three-dimensional pre-operative

Fig. 1 The composite of a three-dimensional model of the right distal
femur shows the coronal (a and b) and axial (c and d) views of a femoral
component designed for mechanical alignment set with mechanical
alignment (MA) and with kinematic alignment (KA) in 0° of flexion
[22]. The setting of the proximal point of the flange of the KA femoral
component (orange dot) (b) is in less external rotation than the MA
femoral component (blue dot) (a). Use of less external rotation causes a
4 mm increase in the distance between the femoral component and the
lateral femur (transverse arrow pointing medial)
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planning andmachining the custom cutting guide. Themanual
instrument technique used a distal offset cutting block at-
tached to either an extramedullary or a positioning rod inserted
8–10 cm through a hole drilled into the distal femur to set the
flexion and varus-valgus of the femoral component (Fig. 4).
One implant brand (Persona CR) used either a first or second
generation distal offset cutting guide that had either short or
long feet, respectively. The first generation guide used a
starting hole for the positioning rod just anterior to the notch
whereas the second generation guide used a starting hole mid-
way between the top of the intercondylar notch and the ante-
rior cortex. The use of the starting hole just anterior to the
notch instead of midway enabled more flexion of the position-
ing rod and femoral component. The quality assurance step for
intra-operatively verifying restoration of the distal and poste-
rior native joint line of the femur was adjustment of the
calipered thickness of the distal and posterior femoral resec-
tions until they equaled the thickness of the distal and poste-
rior medial and lateral femoral condyles of the femoral com-
ponent within ± 0.5 mm after compensating for cartilage wear
and kerf [11, 15, 16]. Both surgical techniques set the internal-
external rotation of the A-P axis of the tibial component par-
allel to the flexion-extension plane of the extended knee and
set the varus-valgus and flexion-extension orientation of the
tibial component to restore the native joint line [14, 16]. The
manual instrument technique set internal-external rotation of
the A-P axis of the tibial component parallel to the major axis
of an ellipse drawn on the lateral tibial condyle [14–16]. The

balance of the knee and patella tracking were determined qual-
itatively by manual and visual examination. Varus-valgus in-
stability in full extension was corrected by adjusting the tibial
bone resection without release of the collateral, posterior cru-
ciate, or retinacular ligaments [11, 17]. Lateral release was
only used in patients with chronic patella subluxation or dis-
location prior to TKA. All components were cemented. On the
day of discharge an anteroposterior, rotationally controlled,
long-leg CT scanogram of the limb was obtained. Beginning
in January 2010, axial CT scans of the knee were obtained
with use of a previously described technique and were avail-
able for nine of 13 patients with patellofemoral instability and
25 of 39 patients in the control group [15, 16, 18].

For each patient with post-operative patellofemoral insta-
bility, we recorded the history and clinical presentation, phys-
ical examination findings, and non-surgical treatment and op-
erative management from the patient record. A summary of
each patient’s instability onset, age, sex, type of instability
(dislocation/subluxation), mechanism of onset, implant type,
reoperation, clinical outcome, Oxford Knee score (48 is best,
0 is worst), and Forgotten Joint score (100 is best, 0 is worst)
are listed in Table 1.

We used the matched cohort of patients to determine the
clinical and post-operative radiographic characteristics associ-
ated with patellofemoral instability. Eight pre-operative clini-
cal characteristics were compared including age, sex, body
mass index (kg/m2), extension, flexion, varus-valgus deformi-
ty, Oxford Knee score, Knee Society score (100 is best, 0 is

Fig. 2 The composite of a three-
dimensional model of the right
distal femur shows a simulation of
the mechanically aligned (MA)
and kinematically aligned (KA)
femoral component set in 0° of
flexion (a & b) and the 5 mm (c),
19 mm (d), and 13 mm (e)
reductions in proximal reach
(arrows pointing distal), and the
reductions in femoral component
size from flexing the
kinematically aligned femoral
component from 0° to 5°, 10°,
and 15° of flexion [22]

International Orthopaedics (SICOT) (2017) 41:283–291 285



worst), months from date of surgery to follow-up, and inci-
dence of re-operation (Table 2). Seven post-operative radio-
graphic characteristics were compared including flexion-
extension of the femoral component, varus-valgus angle of
the femoral component to the mechanical and anatomic axis
of the femur, hip-knee-ankle angle of the limb, varus-valgus
angle of the tibial component to the mechanical axis of the
tibia, Insall-Salvati ratio, and internal-external rotation of the
tibial component on the femoral component using previously
described techniques (Fig. 3) [15–17, 19, 20]. One author
(AJN) blinded to the patient group measured each radiograph-
ic parameter using previously described and validated tech-
niques with use of image-analysis software (OsiriX Imaging
Software, http://www.osirix-viewer.com) [18] (Fig. 3). Two

post-operative patient reported outcome measures, (i.e.,
Oxford Knee score and Forgotten Joint score) obtained at final
(Fig. 4).

Statistical analysis

To quantify reproducibility, two observers (one co-author
(AJN) and a senior orthopaedic resident (LH)) independently
measured the seven radiographic measurements on ten ran-
domly selected imaging studies. The intraclass correlation co-
efficient (ICC) was computed for each measurement with use
of a two-factor analysis of variance (ANOVA) with mixed
effects. The first factor was the observer with two levels (ob-
server 1 and observer 2) and was the fixed effect. The second

Table 1 Onset and type of instability, mechanism of onset, implant, treatment and re-operation, and outcomes of patellofemoral instability patients

Subject Instability
onset (mo.)

Age Sex Type of instability Mechanism
of onset

Implant Treatment and
re-operation

Outcome Oxford
knee
score

Forgotten
joint score

1 5 67 F Dislocation Atraumatic
knee
rotation

Vanguard® Revision patellar
component with medial
reefing

Lost to
follow-up

2 15 68 F Subluxation Atraumatic
knee
rotation

Vanguard® Arthroscopic LR Deceased

3 3 68 F Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Vanguard® Open LR &
medial reefing

Satisfied 43 90

4 7 65 F Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Vanguard® Arthroscopic LR Satisfied 44 63

5 60 50 M Dislocation on
radiograph

Unknown Triathlon® Observation Satisfied 32 30

6 4 80 M Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Sigma® Observation Satisfied 47 92

7 5 61 M Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Persona® Observation Satisfied 41 100

8 7 79 F Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Persona® Open LR&medial reefing Persistence
of
symptoms

21 0

9 4 79 F Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Persona® Open LR&medial reefing Persistence
of
symptoms

36 83

10 9 66 F Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Persona® Open LR&medial reefing Satisfied 38 71

11 5 55 M Subluxation at
initiation of
flexion

Atraumatic
knee
rotation

Persona® Observation Persistence
of
symptoms

32 100

12 1 61 F Dislocation Atraumatic
knee
rotation

Persona® Open LR&medial reefing Persistence
of
symptoms

30 13

13 1 69 F Dislocation Atraumatic
knee
rotation

Persona® Open LR&medial reefing Persistence
of
symptoms

36 44

LR lateral release
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factor was the scanogram of each of the ten patients with ten
levels and was the random effect. An ICC value of > 0.9
indicated excellent agreement, 0.75 - 0.90 indicated good
agreement, and 0.5–0.75 indicated moderate agreement [21].
The ICC ranged from 0.89 to 0.97, which indicates good to
excellent agreement between the seven radiographic measure-
ments made by two observers independently of the treating
physician.

Continuous variables were reported as mean ± standard
deviation (SD) or median (range), and discrete variables were
reported as number (percentage). To determine whether a clin-
ical and radiographic characteristic was associated with
patellofemoral instability we assessed the significance of the
difference of each characteristic between the patellofemoral
instability and matched cohort groups with either a Student’s
T-test for continuous and discrete variables, or a Chi-square
test for categorical variables (JMP, 12.1, http://www.jmp.
com). Significance was p < 0.05.

Results

Intra-operative assessment of patella tracking at the time of pri-
mary kinematically aligned TKA did not detect patellofemoral
instability (Table 1). The post-operative onset of patellofemoral
instability was atraumatic and occurred at an average of
five months. Nine patients had lateral subluxation of the patella
that spontaneously reduced after 15–30° of active flexion and
did not occur with passive motion. Instability symptoms were
most pronounced during stair descent. Three patients had patella

dislocation. Nine of 13 patients (70 %) had a patella stabilizing
procedure at an average of three months (range, 2–13 months)
after the onset of patellofemoral instability, and four were treated
with observation. The treatments were open lateral release and
medial reefing in six, arthroscopic lateral release in two, and
revision of the patellar component with medial reefing in one.
The periphery of the patella button was partially covered with
soft tissue overgrowth. The ratio of patients with patellofemoral
instability per total patients treated with each implant brand was
four of 837 Vanguard, one of 1391 Triathlon, one of 497 Sigma,
seven of 487 Persona (p = 0.007). The level of patient satisfac-
tion, Oxford Knee score, and Forgotten Joint score varied wide-
ly. One patient was deceased and one was lost-to follow-up.

The comparison of the eight preoperative clinical
characteristics and incidence of re-operation between
the patients with patellofemoral instability and the
matched cohort are listed in Table 2. The mean
follow-up was 43 months. The only difference was a
greater incidence of re-operation in the patients with
patellofemoral instability (N = 9) than the patients in
the matched cohort (N = 0) (p = 0.0026).

The comparison of the seven post-operative radiograph-
ic characteristics and two patient reported outcome scores
between the patients with patellofemoral instability and the
matched cohort are listed in Table 3. Patients with
patellofemoral instability had 2° greater external rotation
of the tibial component on the femoral component (mean
2° ± 5.4°, p = 0.2704) that was not significantly different
from controls. The only two significant differences were
that patients with patellofemoral instability had 6° greater

Table 2 Comparison of average (± SD) pre-operative clinical characteristics, knee alignment, and time to follow-up of patients with patellofemoral
instability to a control group (matched 1:3)

Pre-operative clinical characteristics and knee
alignment

Patellofemoral instability group
N = 13

Control group
N = 39

Significance (NS = non
significant)

Demographics

Age (years) 67 ± 9 66 ± 8 NS (p = 0.7134)

Sex (male) (N (%)) 4 (25 %) 12 (23 %) NS (p = 1.0000)

Body mass index (kg/m2) 33 ± 5.5 32 ± 5.0 NS (p = 0.6378)

Preoperative motion and deformity

Extension (°) 12 ± 10.5 9 ± 6.9 NS (p = 0.2408)

Flexion (°) 111 ± 11.3 111 ± 9.6 NS (p = 0.9302)

Valgus (+)/varus (−) deformity (°) 0 ± 12.8 0 ± 12.1 NS (p = 0.9799)

Preoperative function scores

Oxford score (48 is best, 0 is worst) 17 ± 10.5 22 ± 8.6 NS (p = 0.1371)

Knee society score (100 is best, 0 is worst) 35 ± 12.8 36 ± 13.8 NS (p = 0.6993)

Time to follow-up

Months from date of surgery to follow-up
(mean ± SD (min, max))

43 ± 36 (7,96) 43 ± 38 (6,100) NS (p = 0.9784)

Number of reoperated patients 9 0 p = 0.0026
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flexion of the femoral component (11° ± 6.2°, p = 0.0012),
and a 6 point lower Oxford Knee score (mean 36 ± 7.5, p =
0.0045) than the matched cohort.

Discussion

We performed this case control study to better understand the
clinical characteristics and post-operative radiographic param-
eters associated with patellofemoral instability after kinemat-
ically aligned TKA. The most important findings were that
patellofemoral instability is infrequent (0.4 %), is associated
with flexion of the femoral component averaging 11°, is not
associated with internal-external malrotation of the tibial com-
ponent on the femoral component, presents atraumatically at
an average of five months post-operatively, is often treated
with a patella stabilizing reoperation, and the final Oxford
Knee score averages six points lower than the control cohort.

Three limitations should be discussed that might affect the
generalization of the findings. First, the computation of the
incidence of patellofemoral instability represents those

patients that returned for evaluation and did not include any
patients that were treated elsewhere or lost to follow-up.
Therefore, our incidence of 0.4 % might be higher. We are
unable to compare our 0.4 % incidence to other studies of
patients with patellofemoral instability after kinematically or
mechanically aligned TKA with a comparative research de-
sign because to the best of our knowledge they have not been
published. Secondly, it is unknown whether an average of 11°
of flexion of the femoral component is associated with
patellofemoral instability observed in mechanically aligned
TKA. From a geometric perspective, such an association
could occur because the reduction in proximal reach caused
by flexing the femoral component is similar for kinematic or
mechanical alignment [22]. A third limitation was whether the
power, based on sample sizes of nine with patellofemoral
instability and 25 controls, was adequate to conclude that the
2° greater external rotation of the tibial component in the
patellofemoral instability group was not a clinically important
difference relative to the control group. The recommended
direction for placing the tibial component to minimize the risk
of patellofemoral instability is in external rotation rather than

Fig. 3 Composite shows the measurement methods for determining
seven radiographic parameters from computer tomographic scanograms
and axial views which are: flexion-extension of the femoral component
(a), varus-valgus angle of the femoral component to the anatomic and

mechanical axis of the femur (b & c), hip-knee-ankle angle of the limb
(d), varus-valgus angle of the tibial component to the mechanical axis of
the tibia (e), Insall-Salvati ratio (f), and internal-external rotation of the
tibial component on the femoral component (g)
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internal rotation [23]. A power analysis was performed using a
conservative minimal clinically important difference of −7°

internal rotation. This difference was chosen based on a report
that patients with pain had −6° more internal rotation of the
tibial component with no significant difference in the degree
of radiographic patellar tilt or patellar subluxation relative to
pain-free patients [23]. The 0.9 power computed in the present
study using the minimal clinically important difference of −7°
internal rotation, sample sizes of 9 and 25, standard deviation
of 5.4°, and an alpha of 0.05 was adequate. Paradoxically, the
2° greater external rotation of the tibial component relative to
the control group should have decreased the instability risk in
the patellofemoral instability group as it was 9° more exter-
nally rotated than the minimal clinically important difference
of −7° internal rotation. Based on this analysis, the 2° greater
external rotation of the tibial component on the femoral com-
ponent was unlikely the cause of patellofemoral instability.

The analysis of the presentation of patellofemoral instabil-
ity after kinematically aligned TKA and treatment provide
insights and guidelines for understanding and managing this
uncommon and challenging complication. Intra-operative as-
sessment of patellofemoral tracking at the time of kinemati-
cally aligned TKA and at the time of re-operation often failed
to detect the instability. The average onset at five months, the
initiation of the instability by an atraumatic mechanism, and
the instability caused by active and not passive flexion sug-
gests that a change in the congruency of the patellofemoral
joint rather than with a change in the peripatellar muscle bal-
ance might be a factor associated with the instability. The
development and maturation of soft-tissue overgrowth on
the periphery of the patella buttonmight be such amechanism.
Unfortunately, treatment with observation or re-operationwith
a lateral release with or without medial reefing did not always
eliminate the instability. Although the instability may persist,

Fig. 4 Schematic shows the second generation method for minimizing
the flexion of the femoral component with use of a distal offset reference
guide inserted into the cutting block and passed over a positioning rod for
one implant brand (Persona CR). The longer feet of the second generation
guide enabled more anterior placement of the starting hole for the
positioning rod midway between the top of the intercondylar notch and
the anterior cortex rather than at the top of the notch which was used for
the first generation with shorter feet. The rod is inserted 8–10 cm through
a hole drilled into the metaphysis of the distal femur and set parallel to the
anterior femoral shaft and perpendicular to the distal femoral articular
surface

Table 3 Comparison of post-operative average (± SD) radiographic characteristics and patient reported outcome measures between patients with
patellofemoral instability and matched cohort

Post-operative radiographic characteristics and clinical
results

Patellofemoral instability group
N = 13

Control group
N = 39

Significance (NS = non
significant)

Radiographic characterisitcs

F-E of femoral component (+ flexion) 11 ± 6.2° 6° ± 4.2° p = 0.0012

V-Vof femoral component to mechanical
axis of femur (+ valgus)

4 ± 1.9° 3 ± 3.6° NS (p = 0.0923)

V-Vof femoral component to anatomic
axis of femur (+ valgus)

10 ± 2.8° 9 ± 2.9° NS (p = 0.069)

Hip-knee-ankle angle of limb (+ valgus) 1 ± 3.6° 0 ± 3.7° NS (p = 0.1583)

V-Vof tibial component to mechanical
axis of tibia (+ valgus)

−3 ± 2.6° −3 ± 3.0° NS (p = 0.6727)

Insall-Salvati ratio (ratio) 1.2 ± 0.2 1.1 ± 0.2 NS (p = 0.073)

Axial rotation of tibial component on
femoral component (+ external/- internal)

N = 9 1.9 ± 5.4° N = 25 -0.2 ± 4.7° NS (p = 0.2704)

Patient reported outcome measures

Oxford score (48 is best, 0 is worst) 36 ± 7.5 42 ± 5.4 p = 0.0045

Forgotten joint score (100 is best, 0 is worst) 63 ± 37 68 ± 26 NS (p = 0.6449)
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reoperation mitigated the symptoms as a mean Oxford Knee
score of 36 was self-reported by the 11 patients available for
follow-up, which is comparable to scores of 34 and 37 report-
ed for mechanically aligned TKA at two years by registries in
the United Kingdom and New Zealand, respectively [24, 25].

The analysis of eight preoperative clinical characteristics,
and seven post-operative radiographic characteristics identi-
fied flexion of the femoral component averaging 11° as a
controllable variable associated with patellofemoral instability
after kinematically aligned TKA. Flexion of the femoral com-
ponent occurred in patients treated with patient-specific and
manual instrumentation. The incidence of patellofemoral in-
stability was greater in patients with one (Persona CR) implant
brand that relied on manual instruments. We attribute this to
the use of the first generation distal offset referencing guide
with short feet that required a starting hole for the positioning
rod just anterior to the intercondylar notch whereas the second
generation guide used a starting hole midway between the top
of the intercondylar notch and the anterior cortex. The use of
the starting hole anterior to the notch instead of midway en-
abled more flexion of the femoral component. Hence, the
higher incidence of patellofemoral instability with one implant
brand (Persona CR) was more likely associated with the use of
the first generation of manual instrumentation enabling greater
flexion of the femoral component than implant design.
Accordingly, we have used the starting hole midway between
the top of the intercondylar notch and the anterior cortex and
the distal referencing guide with long feet to reduce the risk of
flexion of the femoral component in 715 consecutive patients
treated with the Persona implant in addition to the cohort of
487 patients in the present study. None of these 715 patients
have presented to our clinic with patellofemoral instability
after performing kinematically aligned TKA.

Malrotation of the femoral or tibial components from the
intended targets is another cause of patellofemoral instability.
The rotational target for the femoral component in kinematic
alignment is tangent to the native posterior joint line. The use
of the quality assurance step of adjusting the calipered thick-
ness of the distal and posterior femoral resections until they
equaled the thickness of the distal and posterior medial and
lateral femoral condyles of the femoral component within ±
0.5 mm after compensating for cartilage wear and kerf reliably
sets rotation [11, 15, 16]. The reported range of malrotation of
the kinematically aligned femoral component is small from
−3° internal to 2° external from tangent to the native joint line,
which is four to five times narrower than the range of
malrotation of mechanical alignment of the femoral compo-
nent of −11° internal to 16° external rotation to the
transepicondylar axis, −12° internal to 15° external rotation
to the A-P axis of the trochlear groove, and −10° internal to
12° external rotation to the line 3° externally rotated from the
posterior condylar line [6, 16]. The rotational target for the
tibial component in kinematic alignment is parallel to the

flexion-extension plane of the knee [11, 15, 16]. Since kine-
matic alignment reliably sets the rotation of the femoral com-
ponent tangent to the native posterior joint line, and since the
present study showed that the rotation of the tibial component
on the femoral component was not different between the nine
of 13 patients in the patellofemoral instability group and the
25 of 39 patients in the control groups that had axial CTscans,
malrotation of the femoral and tibial components was not a
likely cause of patellofemoral instability.

In summary, limiting flexion of the femoral component
might lower the risk of patellofemoral instability, lower the
incidence of reoperation, and improve the mean Oxford
Knee score after kinematically aligned TKA.
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