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Abstract

Purpose To evaluate the relationship between patellofem-
oral osteoarthritis (OA) and varus OA of the knee with a
focus on the location of joint space narrowing.

Methods Eighty-five patients scheduled to undergo total
knee arthroplasty caused by varus OA were enrolled in this
study. The relationship between patellofemoral OA and
varus knee malalignment was elucidated. To determine the
alignment of the patellofemoral joint in varus knees, patel-
lar tilt, and the tibial tuberosity—trochlear groove (TT-TG)
distance were measured, and patellofemoral OA was classi-
fied using computed tomography.

Results The femorotibial angles in patients with stage
II-IV patellofemoral OA were significantly larger than
those in patients with stage I patellofemoral OA, and the
patellar tilt in patients with stage I[I-IV patellofemo-
ral OA and the TT-TG distance in patients with stage IV
patellofemoral OA were significantly larger than those in
patients with stage I patellofemoral OA. The TT-TG dis-
tance was strongly correlated with patellar tilt (R* = 0.41,
P < 0.001). Patellofemoral joint space narrowing was
mainly noted at the lateral facet, and it was found on both
sides as patellofemoral OA worsened.

Conclusion Varus knee malalignment was induced by
patellofemoral OA, especially at the lateral facet. Patellar
tilt and the TT-TG distance are considered critical fac-
tors for the severity of patellofemoral OA. Understanding
the critical factors for patellofemoral OA in varus knees
such as the TT-TG distance and patellar will facilitate the
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prevention of patellofemoral OA using procedures such as
high tibial osteotomy and total knee arthroplasty to correct
knee malalignment.
Level of evidence Retrospective cohort study, Level III.
Keywords CT - Patellofemoral - Osteoarthritis -

Varus knee - TT-TG - Patellar tilt

Introduction

Knee alignment is a key determinant of load distribution,
and both varus and valgus alignment contribute to the pro-
gression of osteoarthritis (OA) [17, 30]. Malalignment of
the knee influences both the femorotibial and patellofem-
oral joints in a compartment-specific manner [4, 28], and
previous reports indicated that 49 % of all cases of knee
OA arise as patellofemoral OA [22].

Malalignment, which includes abnormal tilt, torsion, and
Q angles, has a greater predisposition towards patellofem-
oral OA [15]. In the lower limbs, genu valgum increases
the Q angle and the subsequent force on the lateral patellar
facet. By contrast, genu varus decreases the Q angle and
increases the force on the medial patellar facet [17]. Lateral
patellofemoral OA is more commonly observed in individ-
uals with valgus malalignment, and varus malalignment is
more likely to arise in subjects with medial patellofemoral
OA [10]. On the contrary, some researchers reported no sig-
nificant relationship between the Q angle and the position
of the patella [2]. Although patellofemoral OA is induced
by excessive loading and cartilage damage progresses in
the lateral patellofemoral compartment, especially in val-
gus knees, the relationship between patellofemoral OA
and varus knee malalignment is unclear. The hypothesis
of this study was that femorotibial knee malalignment is
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correlated with the severity of patellofemoral OA in varus
knees, and the purpose of this study was to evaluate the
severity and location of patellofemoral OA in subjects with
varus OA of the knee.

Materials and methods

Eighty-five patients (21 males, 64 females) scheduled to
undergo total knee arthroplasty (TKA) because of varus
OA were enrolled in this study. The average patient age,
body mass index (BMI), and femorotibial angle (FTA)
were 73.8 (SD £ 6.4) years, 25.9 (SD + 3.5), and 183.7
(SD =+ 4.8) degrees, respectively. Femorotibial OA was
analysed using the Kellgren—-Lawrence scoring system,
and 8§, 29, and 48 patients were diagnosed with grade II,
III, and IV OA, respectively (Table 1). Knee malalignment
was assessed using the FTA, which was defined as the lat-
eral angle between the centreline of the femur and the tibia
on the coronal radiograph in a standing position, and an
FTA exceeding 175° was defined as varus alignment. Com-
puted tomography (CT) was performed using a TOSHIBA
Aquilion®, and a CT examination was conducted with the
subjects in the supine position with their knees in extension
and their lower limbs in neutral rotation. An axial view of
a CT slice, which included the centre of the patella, was
used for the evaluation performed by two orthopaedic sur-
geons, who were blinded to the patients’ backgrounds. The
location of joint space narrowing, which was classified as
medial, lateral, or both, was also evaluated. The patellofem-
oral joint space was measured both medially and laterally,
and narrowing was defined as a joint space of <5 mm.
We defined patellofemoral OA stages using CT based on
Iwano’s radiographic classification [18] as follows: stage I,
normal to early OA; stage II, mild OA, as typified by a joint
space of more than 5 mm; stage III, moderate OA, which
was defined as a joint space of <5 mm; and stage IV, severe
patellofemoral OA, as typified by bone contact (Fig. 1).
The interobserver and intraobserver reliability of this clas-
sification were 0.771 and 0.835, respectively. The patellar
tilt angle was measured using a line through the long axis
of the patella and a line parallel to one through the posterior

Table 1 Patient characteristics

Patients 85 (21 male, 64 female)
Age (years) 73.8 £ 6.4 (60-87)

BMI (kg/m?) 25.9 £ 3.5 (19.9-38.0)
FTA (°) 183.7 £ 4.8 (175.0-198.0)
K/L grade I: 0, II: 8, III: 29, IV: 48

The values are mean =+ standard deviation with range in the
parenthesis

K/L Kellgren—Lawrence

u\/(f\

NP

Stage II

Fig. 1 Patellofemoral osteoarthritis classification using computed
tomographic analysis. The interobserver and intraobserver reliability
were 0.771 and 0.835, respectively, in this classification

femoral condyles [14], and the tibial tuberosity—trochlear
groove (TT-TG) distance, which is the deepest point of the
trochlear groove and the central point of the tibial tubercle
on a line tangential to the posterior femoral condyles, was
measured to determine its relationship with patellofemoral
OA progression (Fig. 2) [7]. The interobserver accuracy of
patellar tilt and the TT-TG distance were 0.90 and 0.73,
respectively, which were similar to previously described
values [6, 21]. This study was performed in accordance
with a protocol approved by the Institutional Review Board
of Osaka Medical College (No. 1291).

Statistical analysis

A power analysis was performed for the primary compari-
son of interest (the difference of patellar tilt among the
stages of patellofemoral OA). For a large effect size, an o
of 0.05, and a power of 0.8, a total of 78 participants were
required for the groups. Non-repeated measures analy-
sis of variance was performed to compare the four groups
via multivariate analysis. Then, comparisons between two
groups were performed by the Wilcoxon test using JMP
Pro (version 10.0.2). P < 0.05 was considered significant.

Results

Regarding the severity of patellofemoral OA, 20 (23.5 %),
33 (38.8 %), 19 (22.4 %), and 13 (15.3 %) knees exhibited
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Fig. 2 Measurements of the femorotibial angle (FTA) (a), patellar tilt
(b), and TT-TG distance (c¢). The patellar tilt is the angle between the
transverse axis of the patella and the posterior femoral condyles. The
TT-TG distance is the deepest point of the trochlear groove and the
central point of the tibial tubercle on a line tangential to the posterior
femoral condyles

stage I, I1, III, and IV disease, respectively, and no signifi-
cant difference was found in the mean age of the patients
among the different stages of patellofemoral OA (Table 2).
Regarding the severity of varus knee deformity, the FTA
in patients with stage II-IV patellofemoral OA was sig-
nificantly higher than that in patients with stage I patel-
lofemoral OA, indicating that the progression of patel-
lofemoral OA was correlated with varus knee deformity
(Fig. 3, P < 0.05). Concerning the correlation between
patellar tilt and rotational deformity about the tibia, the
relationship between patellar tilt and the TT-TG distance
was elucidated. Stage I patellofemoral OA was associated
with less patellar tilt than stage II-IV patellofemoral OA
(Fig. 4a, P < 0.05), and stage IV patellofemoral OA was
linked to a longer TT-TG distance than stage I-III patel-
lofemoral OA (Fig. 4b, P < 0.05). The TT-TG distance
was strongly correlated with patellar tilt in knees with
varus OA (Fig. 4c, P < 0.001, R* = 0.41). Regarding the
location of joint space narrowing in patients with patel-
lofemoral OA, 75 % of subjects were classified into stage
I displayed normal joint spaces, but others exhibited mild
patellofemoral OA at the lateral facet. As patellofemo-
ral OA worsened, joint space narrowing progressed both
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Table 2 Number and mean age of PFOA

PFOA 1 1I 111 v P value
Patients 20 33 19 13 N.S.
Age 743+63 7424+69 73.0+51 73.9+8.1 N.S.
(years)
BMI 255+3.6 258+3.0 266+42 268+33 N.S.
(kg/m?)
The values are mean + standard deviation
o P=0.003
( 2) 00 - P <0.001
P=0015 e
195 e
190 -
s | : .
B 1851 . - .
180 E 3 1
175 L T
1 II 111 v
PFOA (stage)

Fig. 3 The relationship between patellofemoral osteoarthritis (PFOA)
and varus knees. The femorotibial angles for stage II-IV PFOA were
significantly larger than those for stage I disease (P < 0.05)

laterally and medially on both sides (Table 3, P < 0.001,
R* = 0.38).

Discussion

Although patellofemoral OA of the lateral facet of patel-
lofemoral OA was induced in valgus knees, the mechanism
behind the progression of patellofemoral OA is unclear,
especially in varus knees [16]. The most important find-
ing of this study was that varus knee deformity was asso-
ciated with worsening of patellofemoral OA, and severe
varus deformity mainly induced OA of the lateral facet.
Several cohort studies such as the Boston OA of the knee
[20], Framingham OA [12], and multicentre OA studies
[13] evaluated the severity of patellofemoral OA with knee
alignment, and Gross et al. [16] reported that knees with
varus malalignment exhibited a higher prevalence of medial
rather than lateral patellofemoral damage in all cohorts,
which was different from our findings. In this study, lateral
patellofemoral OA was detected in almost 47 % of subjects
with early- to end-stage patellofemoral OA. The reason for
this difference may be the background of the subjects. This
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Fig. 4 The correlation between the TT-TG distance and patellar tilt.
a The patellar tilt was greater for stage II-IV patellofemoral osteoar-
thritis (PFOA) than for stage I PFOA (P < 0.05). b Stage IV PFOA

Table 3 Location of PFOA

Location PFOA

1 1I 111 v Total
Non 15 0 0 0 15
Medial 0 12 9 0 21
Lateral 5 21 6 8 40
Both 0 0 4 5 9
Total 20 33 19 13 85

P <0.001, R>*=0.38

study focused on patients with severe varus OA with an
average FTA of 183.7°, whereas the cohort studies mainly
included subjects with mild knee malalignment.

CT has great importance in the analysis of the patel-
lofemoral joint, and patellar kinematics plays a role in the

was associated with a longer TT-TG distance than stage [-III PFOA
(P < 0.05). ¢ The TT-TG distance was correlated with patellar tilt in
the knees of subjects with varus osteoarthritis (P < 0.001, R>=0.41)

initiation and progression of patellofemoral OA [23]. The
relationship between tibial torsion and medial OA was
previously analysed using CT [31]; however, the effect of
varus malalignment on patellofemoral OA is unclear. To
evaluate patellofemoral malalignment with varus, the rela-
tionship between patellar tilt and the TT-TG distance was
elucidated because these factors are associated with patellar
instability [25]. Both variables increased with increasing
severity of patellofemoral OA in varus knees. In particular,
patellar tilt tended to increase in the early stage of disease,
and the TT-TG distance most notably increased in the end
stage, indicating that the mechanism of patellofemoral OA
might differ between early- and end-stage patellofemoral
OA. Femoral internal rotation has been demonstrated to be
the primary contributor to lateral patellar tilt [26].

An abnormal TT-TG distance can result from lateraliza-
tion of the tibial tuberosity or excessive rotation [8, 19], and
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no prior reports described the effect of TT-TG on patel-
lofemoral OA. These results indicated that external rotation
of the lower limbs might induce patellofemoral OA, espe-
cially end-stage disease. Rotational deformity might play a
critical role in the severity of patellofemoral OA.

Knees with varus OA can be treated using various sur-
gical techniques, such as high tibial osteotomy (HTO),
unicompartmental knee arthroplasty, and TKA. Patel-
lofemoral complications, such as patellofemoral OA,
patella infera, and patellofemoral malalignment, can
commonly occur, especially after opening-wedge valgus
HTO, because patellofemoral contact pressure may be
elevated [1, 29]. Patellofemoral complications have also
been reported in TKA after correcting knee malalignment
[3, 24]. Surgeons need to pay attention to the femorotib-
ial alignment and proper patellar preparation to decrease
the risk of patellofemoral complications, such as lateral
release [11] or tibial rotation with tibial tuberosity trans-
fer [5, 9]. Bicompartmental knee arthroplasty, which is
performed medially, and patellofemoral arthroplasty might
also be useful options to prevent patellofemoral complica-
tions after surgery [27]. Understanding the critical factors
for patellofemoral OA in varus knees such as the TT-TG
distance and patellar tilt will facilitate the prevention of
patellofemoral OA using procedures such as HTO and
TKA to correct knee malalignment.

This study has some limitations. First, all patients in
this study underwent TKA because of knee pain, which
involved severe inflammatory conditions, and femorotibial
OA may have affected the deterioration of the patellofemo-
ral joint. Second, this study lacked a control group. How-
ever, we analysed 20 gender- and BMI-matched subjects
with no knee symptoms, and these individuals exhibited
no significant differences in terms of patellar tilt and the
TT-TG distance compared to patients with stage 1 patel-
lofemoral OA, indicating that group I patients can serve as
a control group. Third, the number of samples might have
been insufficient, as more than 200 samples may have been
needed to analyse the TT-TG distance based on the power
analysis (o = 0.05, power = 0.8). Finally, this study did not
evaluate femoral anteversion. The entire lower limb should
be considered in future patellofemoral research.

Conclusion

Varus knee malalignment was induced by patellofemoral
OA, especially at the lateral facet. Patellar tilt and the TT—
TG distance are considered critical factors for the severity
of patellofemoral OA. Understanding the mechanism of
patellofemoral OA in varus knee might result in good out-
comes for knee-reconstructed surgery.
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