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Abstract
Background  Proper patellofemoral alignment is an important goal in total knee arthroplasty (TKA). Acceptable patellar 
alignment is defined as patellar tilt less than or equal to 5° and patellar displacement less than or equal to 5 mm. Previous 
studies reported an incidence of post-operative patellar malalignment in TKA from 7 to 35%. However, correlation between 
patellar malalignment and clinical outcome after TKA remains unclear. The purpose of the present study was to evaluate 
the effect of patellar tilt and displacement on the clinical outcome of TKA.
Methods  A retrospective review of 138 primary TKAs with a minimum of 2 year follow-up is reported. Pre-operative and 
post-operative mechanical axis, patellar tilting angle and patellar displacement were measured. Clinical outcomes were 
evaluated by the knee functional scores including the Knee Society Score (KSS), Knee injury and Osteoarthritis Outcome 
Score (KOOS), and Western Ontario McMaster University Osteoarthritis Index (WOMAC) at final follow-up.
Results  Forty-two (30%) primary TKAs had suboptimal patellofemoral alignment with a patellar tilt angle greater than 5° 
or lateral patellar displacement of more than 5 mm. There was no statistical difference in pre-operative mechanical axis, 
pre-operative patellar tilt angle, or pre-operative lateral patellar displacement between the primary TKAs with proper patel-
lofemoral alignment and those with suboptimal alignment. Patients with post-operative patellar tilt or displacement had 
clinically significant reductions in KSS, KOOS, and WOMAC when compared with patients without post-operative patellar 
tilt or displacement. The odds of having a fair or poor post-operative result, an odds ratio of 3.4 (95% CI 1.6–7.2) for KSS, 
6.4 (95% CI 2.9–14.2) for KOOS, and 5.9 (95% CI 2.6–13.5) for WOMAC, were associated with suboptimal patellofemoral 
alignment.
Conclusion  Establishing proper patellofemoral alignment remains an essential goal of primary TKA. There is a strong asso-
ciation between suboptimal post-operative patellofemoral alignment and poor clinical outcome scores after primary TKA.
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Introduction

Patellofemoral issues remain a common post-operative 
complication after total knee arthroplasty (TKA). The 
prevalence of patellofemoral instability after TKA is 
between 1% and 12% [1, 2]. Mild degree of patellar mal-
tracking, tilting or translation, may be associated with 
anterior knee pain and can lead to subluxation or disloca-
tion [3–5]. There are several factors affecting the stability 
of the patellofemoral joint including prosthetic component 
position, overall limb alignment, rotational alignment, 
preparation of the patella, prosthetic design, and soft tis-
sue balance.

Internal rotation of the femoral or tibial component 
increases lateral tilting and displacement of the patella. 
These findings are associated with patient dissatisfaction, 
poor functional outcomes, stiffness, and anterior knee 
pain after TKA [6–10]. Radiographs are not sufficient to 
assess component position in the axial plane and a com-
puted tomography (CT) scanning is helpful in determining 
rotational position as a source of pain [6–10]. A computed 
tomography CT scan may be recommended in patients 
who present with anterior knee pain after primary TKA 
when no other causes are implicated. However, a patellar 
axial radiograph may play a major role in assessing patel-
lofemoral alignment after TKA. Most surgeons routinely 
use an axial radiographic study during the routine follow-
up visit. Proper patellar alignment is defined as patellar tilt 
less than or equal to 5° and patellar displacement less than 
or equal to 5 mm [11]. The correlation between patellar 
alignment on axial radiographs and clinical outcome after 
primary TKA remains the subject of debate [12–14]. The 
purpose of the present study was to evaluate the effect of 
patellar tilt and displacement after TKA on clinical out-
come scores.

Methods

Retrospective review of 138 primary TKAs performed 
for osteoarthritis between January 2011 and December 
2012 with minimum of 2-year follow-up was undertaken. 
Demographic information (age, sex, side, co-morbidities), 
operative information (date of surgery, lateral retinacu-
lar release) were abstracted from the medical record. 50 
(36%) were male and 88 (64%) were female. The mean 
age was 71.3 (SD 10.3) years. The mean follow-up was 
2.7 (SD 0.7) years. We excluded patients with a severe 
pre-operative coronal deformity (greater than 15° of 
varus or valgus from the mechanical axis), a severe post-
operative coronal deformity (greater than 5° of varus or 

valgus from the mechanical axis), history of operation 
prior to primary TKA except knee arthroscopy for carti-
lage or meniscus procedure, history of knee arthroscopy 
to treatment of patellofemoral problems including insta-
bility or anterior knee pain syndrome and severe medi-
cal co-morbidity, lower extremity weakness, or spinal 
pathology and pre-operatively limited knee function. 
Pre-operatively 101 patients were in varus (73.2%) with a 
mean hip–knee ankle angle (HKA) of 7.8 (SD 3.5) degree 
and 37 patients were in valgus (26.8%) with a mean HKA 
of − 6.1 (SD 3.8) degrees. The post-operative HKA was 
1.8 (SD 1.6) degrees. Knee Society Scores (KSS), Knee 
injury and Osteoarthritis Outcome Scores (KOOS), and 
the Western Ontario McMaster University Osteoarthritis 
Index (WOMAC) were calculated for each patient at final 
follow-up.

All procedures were performed by three experienced fel-
lowship trained surgeons at a single institution. All cases 
utilized a medial parapatellar approach, conventional 
instrumentation with intramedullary alignment of the fem-
oral component and extramedullary alignment of the tibial 
component. Two surgeons performed the NexGen Legacy 
posterior-stabilized (Zimmer Inc., Warsaw, Indiana fixed-
bearing TKA) and another surgeon using the posterior-stabi-
lized Advance Medial Pivot Knee (Wright Medical Technol-
ogy Inc., Memphis, TN, USA), all were done with patellar 
resurfacing. Operative notes confirmed that intra-operative 
rotation of the femoral component referenced the transepi-
condylar axis and Whiteside’s line, and the rotation of the 
tibial component referenced the medial third of the tibial 
tubercle, the center of the knee and ankle joints.

Radiographic measurements were made to determine pre-
operative and final follow-up mechanical axis, patellar tilt, 
and patellar displacement. Mechanical axis was evaluated 
by a full-length hip–knee ankle radiographs made according 
to a previously described standardized protocol [15]. Patel-
lar tilt and displacement were evaluated by the Merchant’s 
views [16]. A standard frame was used to hold the knee 
flexed at 45° and support the cassette at the patient’s ankle. 
The foot points directly upwards and the cassette holder 
maintains the lower border of the film parallel to the ground. 
The beam is aimed at approximately 60° to the horizon and 
tangential to the patella [12]. In this study, the pre-operative 
patellar tilt was defined as the angle between a line drawn 
from the anterior limits of the femoral condyles and a line 
drawn from the posterior limits of the articular surfaces 
of the medial and lateral facets of the patella (Fig. 1). The 
post-operative radiographic measurement after resurfacing 
was defined according to Gomes et al. [17]. Post-operative 
patellar tilt was defined as the angle between a line from 
the anterior limits of the femoral condyles and a line drawn 
down through the prosthesis–bone interface. Patellar dis-
placement was measured as the distance between the center 
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of the patella and a line drawn through the central area of 
the femoral condyles (Fig. 2). Acceptable patellofemoral 
alignment was defined as patellar tilt of less than or equal to 
5° and patellar displacement of less than or equal to 5 mm 
[11]. All measurements were performed by one orthopedic 
surgeon who did not participate in the operations and was 

blinded with regards to demographic data and clinical out-
come scores at two different intervals and reported as the 
mean of the measured values.

Statistical analysis

Continuous variables are presented as mean and standard 
deviation (SD), while categorical variables are presented as 
number and percent. Statistical differences in mechanical 
alignment, patellar tilt, patellar displacement, and clinical 
outcome scores between the TKAs with proper alignment 
of the patellofemoral joint and those without were compared 
using the non-paired t test. Odds ratio with 95% confidence 
intervals (CI) was used to evaluate risk of poor patellofemo-
ral alignment and clinical outcome.

Results

The mean pre-operative patellar tilt was 5.5 (SD 4.7) degrees 
and the mean patellar displacement was 2.2 (SD 2.6) mm. 
The mean post-operative patellar tilt (3.4 (SD 2.4) degrees, 
P ≤ 0.001) was decreased after TKA but the mean patellar 
displacement (2.1 (SD 2.0) mm, P = 0.89) was not statisti-
cally altered after TKA. However, 38 (28%) TKAs had a 
patellar tilt greater than 5° and 10 (7%) TKAs had a patella 
displacement over 5 mm. 42 (30%) TKAs were defined as 
suboptimal patellofemoral alignment. There was no statis-
tical differences in pre-operative HKA (P = 0.63), patellar 
tilt (P = 0.49), or patellar displacement (P = 0.82) between 
patients with suboptimally and properly aligned patellofem-
oral joints (Table 1).

In the proper patellofemoral alignment groups, the 
mean of post-operative patellar tilt (post-operative = 1.8 
(SD 1.3), pre-operative = 5.3 (SD 4.6), P ≤ 0.001) and 
patellar displacement (post-operative = 1.5 (SD 1.2), 
pre-operative = 2.2 (SD 2.4), P = 0.01) were statisti-
cally decreased. In the suboptimal patellofemoral align-
ment groups, post-operative patellar tilt (mean = 6.9 (SD 
2.5) degrees) was higher than pre-operative patellar tilt 

Fig. 1   Post-operative patellar tilt angle (a) was measured as the angle 
between a line from the anterior limits of the femoral condyles and a 
line drawn down through the prosthesis–bone interface

Fig. 2   Post-operative patellar displacement (b) was measured as the 
distance between the center of the patella and a line drawn through 
the central area of the femoral condyles

Table 1   Radiographic measurement in knees with proper patellofemoral alignment and suboptimal alignment after TKA

Proper alignment = PTA ≤ 5° and PD ≤ 5 mm
Suboptimal alignment = PTA > 5° or PD > 5 mm
 op operative, PTA patellar tilting angle, PD patellar displacement, MA mechanical axis, Lat release  lateral retinacular release

Tracking n (%) Pre-op MA
degree (SD)

Pre-op PTA
degree (SD)

Pre-op PD
mm (SD)

Post-op PTA
degree (SD)

Post-op PD
mm (SD)

Lat release, n (%)

Proper alignment 96 (69.6%) 7.3 (3.4) 5.5 (4.6) 2.1 (2.4) 1.8 (1.2) 1.4 (1.2) 10 (10.2%)
Suboptimal alignment 42 (30.4%) 7.4 (3.6) 5.7 (4.7) 2.1 (2.8) 6.9 (2.5) 3.6 (2.5) 2 (4.3%)
P-value 0.63 0.49 0.82 < 0.001 < 0.001
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(mean = 5.9 (SD 4.8)) but no statistical difference was 
found (P = 0.26). The mean post-operative patellar dis-
placement (3.6 (SD 2.5) mm) was statistically increased 
after TKA (mean pre-operative patellar displacement = 2.2 
(SD 2.9) mm, P = 0.02) in the suboptimally aligned patel-
lofemoral joints.

A lateral retinacular release was performed in 12 (9%) 
TKA and of these, 10 (83%) TKAs had aligned patellofemo-
ral joints and 2 (17%) were suboptimally aligned at final 
follow-up.

Patients with suboptimal patellofemoral alignment were 
associated with significantly lower outcome scores when 
compared with patients with proper patellofemoral align-
ment in all of the knee scoring system (Table 2). The mean 
KSS was 124.2 (SD 25.3) in the TKAs with proper patel-
lofemoral alignment patients and 99.9 (SD 39.2) in those 
with suboptimal patellofemoral alignment (P = 0.001). The 
mean KOOS was 85.1 (SD 39.2) in the TKAs with proper 
patellofemoral alignment patients and 71.0 (SD 20.0) in 
those with suboptimal patellofemoral alignment (P < 0.001). 
The mean WOMAC was 89.8 (SD 12.5) in the TKAs with 
proper patellofemoral alignment patients and 75.5 (SD 
21.2) in those with suboptimal patellofemoral alignment 
(P < 0.001).

Patients who had good to excellent post-operative out-
come scores, defined as more than or equal to 80% of the 

total points on a given outcome score, were associated with 
proper patellofemoral alignment (Table 3). Patients who 
had fair or poor post-operative outcome scores, defined as 
less than 80% of the total points on a given outcome score, 
were associated with suboptimal patellofemoral alignment 
(Table 3). The odds ratio of a poor outcome score with sub-
optimal patellofemoral mechanics was 3.4 (95% CI 1.6–7.2) 
for KSS, 6.4 (95% CI 2.9–14.2) for KOOS, and 5.9 (95% CI 
2.6–13.5) for WOMAC.

Discussion

Proper patellofemoral tracking is an important goal in TKA. 
The gold standard for evaluation of patellofemoral track-
ing is unclear. There are several factors that affect to patel-
lofemoral stability. The ideal investigation should evalu-
ate patellofemoral tracking throughout the knee range of 
motion. However, kinematic testing of the patella femoral 
joint is currently limited to cadaveric study [18–23]. In vivo 
kinematics, and requires special radiographic methods not 
available in the clinic setting [24, 25].

Poor component rotation is a major cause for poor out-
come after TKA. CT scan is the investigation of choice for 
evaluating rotational alignment in TKA. Improper compo-
nent rotation has shown significant correlation to patient 

Table 2   Knee functional outcome scores between proper patellofemoral alignment and suboptimal alignment patients after TKA

KSS knee society score, KOOS knee injury and osteoarthritis outcome score, WOMAC Western Ontario McMaster University osteoarthritis 
index, Func functon, Symp symptoms, ADL  activities of daily living, QOL qualoty of life, Stiff  stiffness

Tracking KSS Pain
Mean(SD)

KSS Func
MEAN (SD)

KOOS Symp KOOS Pain
Mean (SD)

KOOS ADLs
Mean (SD)

KOOS QOL
Mean (SD)

WOMAC Pain
Mean (SD)

WOMAC Stiff
Mean (SD)

WOMAC Func
Mean (SD)

Proper  
alignment

44.6 (10.2) 79.8 (18.1) 85.6 (13.4) 90.2 (12.7) 90.4 (11.8) 73.9 (20.8) 90.7 (15.6) 84.9 (18.1) 90.4 (11.8)

Suboptimal 
alignment

33.9 (16.4) 67.6 (24.3) 73.9 (19.8) 73.7 (22.9) 75.7 (21.2) 60.1 (25.1) 76.5 (22.3) 73.2 (25.0) 75.7 (21.2)

P-value < 0.001 0.006 0.001 < 0.001 < 0.001 0.001 0.001 0.01 < 0.001

Table 3   Evaluation of post-operative functional outcome with patellofemoral tracking

KSS knee society score, KOOS knee injury and osteoarthritis outcome score, WOMAC Western Ontario McMaster University osteoarthritis 
index, CI confidence interval

Post-operative functional outcome Percent (%) of patients with 
proper patellofemoral tracking

Percent (%) of patients with subopti-
mal patellofemoral tracking

P-value Odds (95% CI)

KSS ≥ 80% (n = 84) 79.8 20.2 0.001 3.4 (1.6–7.2)
< 80% (n = 54) 53.7 46.3

KOOS ≥ 80% (n = 90) 83.3 16.7 < 0.001 6.4 (2.9–14.2)
< 80% (n = 48) 43.8 56.3

WOMAC ≥ 80% (n = 101) 80.2 19.8 < 0.001 5.9 (2.6–13.5)
< 80% (n = 37) 40.5 59.5
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dissatisfaction, poor functional outcomes, stiffness and 
anterior knee pain after TKA [4, 6–10]. Bell et al. [6] com-
pared the rotational alignment of components in 56 patients 
with unexplained pain following TKA with a matched con-
trol patients. They reported internal rotation of the tibial 
and/or femoral components to be a factor in pain following 
TKA. Conversely, external rotation of any of the component 
parameters was not identified to be a factor in painful TKA. 
Nicoll and Rowley [7] showed similar results in 39 painful 
TKA. Bédard et al. [8] demonstrated a cohort study of 52 
patients (34 cases had pre-operative CT scan) with TKAs 
revised for stiffness. The incidence of internal rotation was 
24 of 34 femoral and 33 of 34 tibial components. Bhattee 
et al. [9] reported a high possibility for poor outcomes after a 
secondary patellar resurfacing in the patients with more than 
3° of femoral internal rotation. However, in the recent report, 
Young et al. [26] compared 71 patients with unexplained 
pain after primary TKA to the control cohort of 41 well-
functioning TKA patients by CT scan to assess component 
rotation. They found no difference in both femoral and tibia 
component rotation between the painful and control groups. 
They also showed tibia component internal rotation appears 
to be common in both groups (49% in well-functioning TKA 
and 59% in painful TKA).

Conventional radiographs are routinely obtained during 
follow-up periods after TKA. Patellar axial view such as 
Merchant [16] or Laurin [27] views are widely used as the 
screening tool for diagnosis of patellofemoral malalign-
ment after TKA. Suboptimal patellar alignment was defined 
as patellar tilt of greater than 5° or patellar displacement 
greater than 5 mm [1, 2]. The cut-point value was derived 
from the study in symptomatic patients with patellofemoral 
pain. In patients following TKA, the clinical utility of the 
patellar axial view and its correlation with functional out-
come of the knee is unclear [12–14, 22]. Bindelgla et al. [12] 
evaluated 234 primary TKA with 45° Merchant view. The 
results showed 31% tilted over 5° and 15% displaced over 
5 mm. They found no difference in the pain subscale of KSS 
system between well-aligned and poorly aligned knees. Bar-
rack et al. [28] showed significant differences in component 
rotation with the patients with anterior knee pain compared 
with the control group, but no significant difference in the 
degree of radiographic patellar tilt or patellar subluxation 
was found between the two groups.

Conversely, other studies reported a positive correla-
tion between patellar tilting or displacement with rotational 
alignment and clinical outcome. Bédard et al. [8] demon-
strated patellar tilt and translation improved after revision 
TKA and was correlated with improvement of component 
rotational alignment and clinical outcome. Pongcharoen 
et  al. [14] studied the incidence of poor patellar align-
ment and anterior knee pain using a limited medial para-
patellar approach versus a mini-mid-vastus approach. They 

prospectively followed 60 primary TKA (30 with each 
approach) at minimum of 1 year post-operatively and found 
no difference in patellar tilt or displacement between groups 
and similar incidence of anterior knee pain (7%). In patel-
lar retaining implants, patelloplasty which aimed to reduce 
patellar thickness and improve patellofemoral tracking have 
the potential to improve functional outcome and lower rate 
of anterior knee pain after TKA [29].

Suboptimal patellofemoral alignment is a common radio-
graphic finding after TKA (28% have tilt and 8% have dis-
placement). Our result is similar to the previous report by 
Bindelgla et al. [12]. The incidence of suboptimal patel-
lofemoral alignment was high although all of cases were 
performed by 3 experienced surgeon and none of cases were 
planned for revision surgery. This is consistent with the find-
ing that the majority of anterior knee pain after TKA is mild 
to moderate in intensity, only 8% of cases had persistent pain 
and rarely leading to revision TKA [30].

This study is a retrospective design. Many factors can 
affect to clinical outcomes cannot be controlled. Second, 
this study did not compare the results of conventional 
radiographs to CT scan. We did not directly correlate the 
degree of patellar tilt or displacement to axial component 
rotation. In the future, a well-controlled prospective study 
that evaluates both conventional radiographs and CT scans 
is warranted.

There is a strong correlation between patellofemoral 
alignment and clinical outcome in primary TKA. All of the 
knee function scoring systems in this study presented a simi-
lar trend of functional outcome between groups. Both the 
pain and functional subscales of all scoring systems demon-
strated statistically and clinically significant differences of 
over 10 points. Suboptimal patellofemoral alignment cor-
relates to an inferior clinical outcome after primary TKA. 
This finding advocates for the utility of conventional axial 
radiographs as a good screening tool for patients with unex-
plained pain or poor function after TKA.

Compliance with ethical standards 

Ethics approval  Ethics committee approvals were obtained.
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