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Background: Patellofemoral malalignment has been observed among people with patellofemoral pain (PFP) and may be asso-
ciated with the presence of imaging features of osteoarthritis, symptoms, and function.

Purpose: To determine whether patellofemoral joint alignment and bony shape are associated with (1) cartilage, bone, and soft
tissue morphological abnormalities defined on magnetic resonance imaging (MRI) and (2) reported symptoms and function among
people with PFP.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Participants (mean = SD age, 30.2 = 9.5 years; range, 14-50 years; 78 females, 58.6%) completed questionnaires
regarding demographics, pain, symptoms, and function and underwent a 3-T MRI scan of their more symptomatic eligible
knee. Structural MRI abnormalities were scored with the MOAKS (Magnetic Resonance Imaging Osteoarthritis Knee Score),
and MRI alignment and shape were measured with standardized methods. Associations among MOAKS features, PFP symp-
toms, and alignment and shape measures were evaluated with regression analyses (a = .05).

Results: Minor cartilage defects were present in 22 (16.5%) participants, patellar osteophytes in 83 (62.4%), anterior femur os-
teophytes in 29 (21.8%), Hoffa synovitis in 81 (60.9%), and prefemoral fat pad synovitis in 49 (36.8%). A larger Insall-Salvati ratio
was significantly associated with the presence of patellar osteophytes (odds ratio [OR], 51.82; 95% CI, 4.20-640.01), Hoffa syno-
vitis (OR, 60.37; 95% ClI, 4.66-782.61), and prefemoral fat pad synovitis (OR, 43.31; 95% ClI, 4.28-438.72) in the patellofemoral
joint. A larger patellar tilt angle was significantly associated with the presence of minor cartilage defects (OR, 1.10; 95% Cl, 1.00-
1.20), the presence of patellar osteophytes (OR 1.12; 95%CI 1.02-1.22), and prefemoral fat pad synovitis (OR, 1.11; 95% ClI, 1.03-
1.20) in the patellofemoral joint. Finally, a larger bisect offset was significantly associated with the presence of minor cartilage
defects (OR, 1.05; 95% CI, 1.00-1.11) and patellar osteophytes (OR, 1.07; 95% CI, 1.01-1.14) in the patellofemoral joint. The
majority of patellofemoral alignment measures were not associated with symptoms or function.

Conclusion: For people with PFP, the presence of morphological abnormalities defined on MRI appears to be related to particular
patellofemoral alignment measures, including higher Insall-Salvati ratio (indicating patella alta), larger patellar tilt angle (indicating
greater lateral tilt), and larger bisect offset (indicating greater lateral displacement). Hardly any associations were found with
symptoms or function. So there might be a distinct subgroup of PFP that is more prone to developing patellofemoral osteoarthritis
later in life, as particular alignment measures seem to be associated with the presence of patellar osteophytes. Prospective stud-
ies are required to investigate the longitudinal relationship between alignment or bony shape and morphological abnormalities
defined on MRI in this patient population.
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Patellofemoral pain (PFP) is a common knee condition

accounting for 11% to 17% of all knee pain presentations
; . 34,37 . . .

2018:46(13):3217-3026 in general practice. PFP is characterized by pain
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walking up or down stairs,!! as well as during prolonged sit-
ting with the knees flexed.” While PFP typically affects rela-
tively young, physically active people (aged <40 years), there
is increasing evidence that PFP occurs at all stages of the life
span, as well as among less physically active individuals.’

There is consensus that the etiology of PFP is multifac-
torial.2” Elevated patellofemoral joint stress has frequently
been postulated as a cause of pain and progression of
symptoms.:1* One proposed cause of elevated joint stress
is abnormal alignment of the patellofemoral joint. Several
patellofemoral alignment and bone shape measures are
associated with the presence of PFP, including a larger
quadriceps angle, larger sulcus angle, larger patellar tilt
angle, and greater lateral displacement.'>?> However,
there is very limited evidence from prospective studies to
support a causal relationship.!??® Nevertheless, the pro-
posed subgroup of patients with malaligned knees has
been the subject of many studies because patellofemoral
alignment features are potentially modifiable (eg, with tap-
ing'® or bracing') and can therefore have implications for
the management and treatment of PFP.

Changes in patellofemoral load attributed to patellofe-
moral malalignment may exceed tissue capacity and poten-
tially contribute to the development of chondral lesions
and other imaging features of patellofemoral osteoarthritis
(OA; eg, bone marrow lesions, osteophytes, synovitis).2*
Thuillier et al®2 reported differences in cartilage composi-
tion among women aged 18 to 45 years with PFP and patel-
lar malalignment, as compared with pain-free controls. T1
rho values were significantly higher in the lateral patellar
facet of those with PFP and patellar tilt, indicating greater
proteoglycan loss.>> Notably, T1 rho values approached
those observed among people with early OA.3? Further-
more, a recent systematic review found strong evidence
of a relationship between trochlear bony shape and patello-
femoral OA.2* Patellofemoral malalignment has been
linked to symptom severity among older people with knee
OA, although results are inconsistent.>!® Thus, while
there is literature suggesting that patellofemoral malalign-
ment may be related to magnetic resonance imaging
(MRI)-defined structural features of patellofemoral OA
(eg, osteophytes and cartilage defects) among people with
PFP, this relationship and the potential relationship with
symptoms (ie, pain and function) are currently unknown.
Therefore, the aim of this study was to determine whether
patellofemoral joint alignment and bony shape are associ-
ated with (1) cartilage, bone, and soft tissue morphological

The American Journal of Sports Medicine

abnormalities defined on MRI and (2) patient characteris-
tics and reported symptoms among people with PFP.

METHODS

Study Design and Participants

Cross-sectional data from 2 separate but similar studies were
used in this analysis: a cohort from Rotterdam, the Nether-
lands (TripleP study®3; n = 64), and a cohort from Melbourne,
Australia (Chronic Anterior Knee Pain [CAKP] Study®; n =
69). All participants with available baseline data were
included in the current analyses. Both studies were approved
by institutional review boards (Medical Ethical Committee of
Erasmus MC, protocol MEC-2012-342; The University of
Melbourne’s Behavioural and Social Science Human
Research Ethics Committee, ID 1136766).

The aggregated study population comprised participants
with PFP (age range, 14-50 years) who were recruited by
general practitioners, physical therapists, sports physicians,
and local advertising. Inclusion and exclusion criteria for
both studies were comparable (Table 1).

Measurements

After providing written informed consent, study partici-
pants were asked to complete questionnaires, which
included the following: demographics (age, sex, body
mass index [BMI], education level), knee complaints (dura-
tion of PFP, bilateral complaints), and pain severity on
a 100-mm visual analog scale or 11-point numerical rating
scale (usual pain and resting pain were combined into
“usual pain,” and worst pain and activity-related pain
were combined into “worst pain”). Pain scores rated on
a numerical rating scale were rescaled to a 0-100 visual
analog scale to facilitate data pooling.® Knee symptoms
and function were measured with the Anterior Knee Pain
Scale (AKPS; 0-100)2° and the Knee injury and Osteoar-
thritis Outcome Score (KOOS; 0-100),%® including sub-
scales of pain, symptoms, activities of daily living, sport
and recreation function, and knee-related quality of life.
All participants underwent an MRI scan of their (most)
symptomatic eligible knee, positioned supine with the
study knee in 20° to 30° of flexion. MRI in the TripleP
study was performed at 3 T (Discovery MR750; GE Health-
care) with a dedicated 8-channel knee coil (Invivo Inc). The
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TABLE 1
Inclusion and Exclusion Criteria of the 2 Studies®

TripleP Study

CAKP Study

Recruitment Patients who visited a sports physician, physical
therapist, or GP for PFP

Age, y 14-40

Symptoms Presence of at least 3 of the following: peri- or

retropatellar pain while walking up or down
stairs, squatting, running, cycling, sitting with
knees flexed for a prolonged time, or grinding

of the patella
Pain severity —

Duration of PFP
Exclusion criteria

Longer than 2 mo but no longer than 2 y
Knee OA, patellar tendinopathy, Osgood-

Schlatter disease, or other defined pathological

conditions of the knee
Previous knee injuries or surgery
Absolute and relative contraindications to
undergo MRI

Volunteers who responded to paid advertisements, flyers on
community notice boards and university electronic bulletins,
and referrals from health care practitioners

26-50

Antero- or retropatellar knee pain aggravated by at least 2
activities that load the PFJ (eg, stair ambulation, squatting,
rising from sitting)

Pain during these activities present on most days during the past
month

Knee pain severity of at least 30 mm on a 100-mm visual analog
scale during aggravating activities

Current symptoms >3 mo

Concomitant pain from other knee structures, the hip, or the
lumbar spine that may impede testing procedures

Planned or previous knee surgery

Moderate to severe concomitant

TFJ OA (Kellgren-Lawrence grade >3 on posteroanterior
radiograph)

Recent knee injections (prior 3 months)

Contraindications to radiograph or MRI

Physical inability to undertake testing procedures

“CAKP, Chronic Anterior Knee Pain; GP, general practitioner; MRI, magnetic resonance imaging; OA, osteoarthritis; PFJ, patellofemoral

joint; PFP, patellofemoral pain; TFdJ, tibiofemoral joint.

MRI protocol comprised sagittal, axial, and coronal fast-spin
echo proton density—weighted sequences with a slice thick-
ness of 3 mm and sagittal and axial T2-weighted sequences
with fat suppression and a slice thickness of 3 mm. In addi-
tion, a 3-dimensional high-resolution sagittal fat-suppressed
spoiled gradient echo sequence was acquired with a slice
thickness of 0.5 mm. CAKP Study MRI was acquired at
3 T (Achieva; Philips) with a 16-channel knee coil (Invivo
Inc). The protocol consisted of a 3-dimensional proton den-
sity visualization of short relaxation time component
sequence (ie, VISTA) acquired at 0.35-mm isotropic voxel
size and reformatted in 3 planes. In addition, an axial proton
density—weighted sequence with a slice thickness of 2.5 mm
and fat saturation were performed.

All MRI scans from both studies were scored by a senior
resident in radiology with a musculoskeletal subspecializa-
tion (J.L.K.), using the semiquantitative Magnetic Reso-
nance Imaging Osteoarthritis Knee Score.!” Since this
score was primarily developed to evaluate the presence of
OA in a relatively older population, specific patellofemoral
features were added per the literature.® All findings were
verified by an experienced musculoskeletal radiologist
(E.H.O0.). Scores of the most relevant and prevalent® items
were used for this analysis, including minor patellar carti-
lage defects (present or not), patellar bone marrow lesions
(present or not), patellar osteophytes (small to large),
osteophytes at the anterior femur (small to large), and
Hoffa synovitis and prefemoral fat pad synovitis (high sig-
nal intensity). High signal intensity was defined as abnor-
mal high signal intensity on the T2-weighted images.

Alignment and bony shape were measured with meth-
ods described previously and were performed by the same

radiologist (J.L.K.) in both studies.®3° These included the
(1) Insall-Salvati (IS) ratio'®; (2) patellar lateral translation
relative to the femur, expressed in millimeters and dichoto-
mized (absent <2 mm); (3) patellar tilt, expressed in degrees
and dichotomized (present when >8°)%!; (4) trochlear sulcus
depth and angle, expressed in millimeters; (5) Wiberg clas-
sification for congruence (type I, facets are concave; type
II, medial facet is rather smaller than lateral facet; type
III, medial facet is markedly smaller than lateral facet®®),
dichotomized into symmetrical or not; and (6) tibial tuberos-
ity—trochlear groove distance as an indicator of patellar lat-
eralization.>® The presence of a bipartite patella was also
reported. All measures were performed by the same radiol-
ogist (J.L.K.) and confirmed by an experienced musculoskel-
etal radiologist (E.H.O.). Omne investigator (E.M.M.)
performed 5 additional alignment and bony shape measure-
ments following methods described by Stefanik et al®® and
Munch et al.?® Lateral trochlear inclination was defined as
the angle between the posterior condylar line and a line
drawn along the surface of the lateral trochlear facet
(degrees). Trochlear angle was defined as the angle between
the posterior condylar line and a line passing along the most
anterior margins of the medial and lateral trochlear facets
(degrees). Bisect offset was defined as the percentage of
the patella lateral to the line through the center of the
trochlea. Patellar tilt angle was defined as the angle
between the posterior condylar line and the line defining
the maximal width of the patella (degrees). Patellar articu-
lar overlap was defined as the percentage of overlap of the
length of patellar cartilage overlying the trochlear carti-
lage.?® Details of alignment and bony shape measurements
are presented in Figure 1.
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Figure 1. Alignment and bony shape measurements. (A) Patellar tilt angle: angle formed by line through the greatest width of the
patella and posterior condylar line (PCL). (B) Lateral patellar tilt angle: the angle formed between the line drawn parallel to the
lateral patellar facet and the line drawn connecting the most anterior points of the medial and lateral condyles. (C) Tibial tuber-
osity-trochlear groove distance: distance between lines drawn through the tibial tuberosity and trochlear groove in the axial plane
(requires multiple magnetic resonance imaging slices). (D) Bisect offset: percentage of patella that lies lateral to the line bisecting
the trochlear groove. (E) Patellar lateral translation: distance between lines from central medial ridge of patella and sulcus groove.
(F) Trochlear angle: angle between anterior condylar line and PCL. (G) Lateral trochlear inclination: angle between lines through
lateral trochlear facet and PCL. (H) Sulcus angle: angle between the condylar outsets. (I) Sulcus depth: depth of sulcus groove as
compared with femoral condylar outsets (lines drawn). (J) Percentage articular overlap: amount of trochlear cartilage overlapping
with patellar cartilage. (K) Insall-Salvati ratio: ratio of patellar tendon length to oblique patellar length (two lines drawn).

Statistical Analyses measures. Pearson x? tests (dichotomous variables) and
Student ¢ tests (continuous variables) were used to evalu-
Descriptive statistics were used to describe patient charac- ate potential differences between the cohorts. Analyses

teristics and morphological, alignment, and bony shape for cartilage, bone, and soft tissue morphological
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TABLE 2
Patient Characteristics and Symptoms®
Total Population (N = 133) TripleP Study (n = 64) CAKP Study (n = 69) P Value?

Age, y 30.2 £ 9.5 234170 36.5 £ 6.6 <.001
Sex, female 78 (58.6) 35 (54.7) 43 (62.3) 372
BMI, kg/m? 24.4 + 3.7 23.6 = 3.8 25.0 £ 3.6 .025
High education level 102 (76.7) 37 (57.8) 65 (94.2) <.001
Duration of complaints, mo <.001

<6 26 (19.5) 20 (31.3) 6 (8.7)

6-12 32 (24.1) 20 (31.3) 12 (17.4)

13-24 28 (21.1) 23 (35.9) 5(7.2)

>24 47 (35.3) 1(1.6) 46 (66.7)
Bilateral complaints 80 (60.2) 33 (51.6) 47 (68.1) .039
Pain, 0-100

Usual 32.1 £ 23.3 39.2 £ 245 25.5 £ 20.1 .001

Worst 51.7 + 26.5 65.8 = 22.2 38.6 + 23.4 <.001
AKPS, 0-100 70.1 = 12.3 66.3 = 11.6 73.6 = 11.9 <.001
KOOS

Pain 66.5 £ 18.0 59.7 £ 17.2 72.9 + 16.3 <.001

Symptoms 63.2 * 16.9 51.2 = 11.8 74.2 = 129 <.001

ADL 76.7 = 17.4 71.4 £ 18.6 81.7 £ 14.7 .001

Sport/recreation 45.2 = 26.0 39.4 = 20.8 50.7 = 29.2 .012

QoL 47.0 £ 16.3 46.1 = 11.3 47.8 = 199 .542

“Values are presented as mean = SD or n (%). ADL, activities of daily living; AKPS, Anterior Knee Pain Scale; BMI, body mass index;
CAKP, Chronic Anterior Knee Pain; KOOS, Knee injury and Osteoarthritis Outcome Score; QoL, quality of life.

P value between the studies.

abnormalities defined on MRI, as well as alignment and
bony shape measures, were adjusted for age. Correlations
among the different alignment and bony shape measures
were tested with Pearson correlations. Based on significant
(P < .10) correlation coefficients and current literature, align-
ment and bony shape measures were selected for further
analyses. Because of power issues, a preference was given
to continuous measurements instead of dichotomized meas-
ures. Associations between morphological abnormalities
defined on MRI and selected alignment and bony shape
measures were tested with binary logistic regression analy-
ses, adjusted for study, age, sex, and BMI. Specific items
from the KOOS and AKPS were selected for the analyses
of patellofemoral-specific symptoms. Item 6 from KOOS-
pain was used to define pain while walking up or down stairs,
dichotomized into no pain (no pain, some pain) and pain
(moderate to severe). Items 2 and 6 were selected from
KOOS-sport/recreation to define difficulties with squatting
and running. These were both dichotomized into no difficulty
(no, some difficulties) and difficulties (moderate to severe dif-
ficulties). Item 8 of the AKPS was used to define the presence
of problems with prolonged sitting with knees flexed. Three
categories were formed from 5 possible responses: no diffi-
culty, pain after exercise, or problems with prolonged sitting
(constant pain, pain forces to extend the knees temporarily,
or unable).” Associations between PFP symptoms (usual
pain; pain with stairs; problems with squatting, running,
and prolonged sitting with knees flexed) and alignment and
bony shape measures were evaluated with linear regression
(usual pain), logistic regression (pain with stairs, problems
squatting and running) and multinomal logistic regression
(problems during prolonged sitting), adjusted for study, age,

sex, and BMI. Differences between participant characteris-
tics (age, sex, BMI, duration of PFP, bilateral PFP) and align-
ment and bony shape measures were tested with linear
regression techniques (age, BMI), ¢ tests (sex, bilateral
PFP), and 1-way analysis of variance (duration of PFP). Asso-
ciations were expressed in odds ratios (ORs) or betas with
accompanying 95% CIs. All analyses were performed with
SPSS for Windows (v 21; IBM), and P values <.05 were con-
sidered statistically significant.

RESULTS

The mean age of the total study population (N = 133) was
30 years (SD, 9.5) with 78 (59%) women (Table 2). Bilateral
complaints were present among 60% of participants, and
56.4% had a minimum symptom duration of 12 months.
Compared with the Australian CAKP Study, the Dutch
TripleP study included a significantly younger PFP popu-
lation with a lower BMI, shorter symptom duration, and
fewer bilateral complaints (Table 2). Additionally, partici-
pants from the CAKP Study reported less severe symptoms
on the visual analog scale for pain, AKPS, and KOOS
(pain, symptoms, activities of daily living, and sport).
Minor cartilage defects were present in 22 (16.5%) par-
ticipants, with more defects seen in the Dutch TripleP
cohort (23.4%) versus the Australian CAKP cohort
(10.1%) (Table 3). Patellar osteophytes were also more
frequently present in the Dutch cohort (70.3%) as com-
pared with the Australian cohort (55.1%). Hoffa synovitis
and prefemoral fat pad synovitis were present among
60.9% and 36.8% of participants, respectively. Patellar



3222 wvan Middelkoop et al

The American Journal of Sports Medicine

TABLE 3
Cartilage, Bone, and Soft Tissue Morphological Abnormalities
Defined on Magnetic Resonance Imaging and Alignment and Bony Shape Measures®

Total Population (N = 133) TripleP Study (n = 64) CAKP Study (n = 69) P Value®
Abnormalities by MOAKS scoring

Patella

Minor cartilage defects 22 (16.5) 15 (23.4) 7 (10.1) .003

Bone marrow lesions 74 (55.6) 34 (53.1) 40 (58.0) .822
Osteophytes, small to large

Patella 83 (62.4) 45 (70.3) 38 (55.1) .003

Femur anterior 29 (21.8) 12 (18.8) 17 (24.6) .136
Synovitis

Hoffa 81 (60.9) 37 (57.8) 44 (63.8) 437

Fat pad, prefemoral 49 (36.8) 24 (37.5) 25 (36.2) .545

Alignment measures

Insall-Salvati ratio 1.23 = 0.18 1.21 £ 0.17 1.24 = 0.18 .051
Patellar lateral translation

mm -0.02 = 2.17 -0.30 += 2.65 0.24 = 1.57 152

No. 22 (16.5) 20 (31.3) 2(2.9) .014
Patellar tilt

Angle 8.5 55 8.3 6.0 8.7 5.1 .660

No. 60 (45.1) 31 (48.4) 29 (42.0) .815
Sulcus, deg

Depth 6.40 = 1.30 6.09 = 1.03 6.69 = 1.45 746

Angle 134.9 + 6.1° 137.3 = 4.9 132.7 = 6.3 .014
Wiberg classification .994

Score 1 4(3.0) 3(4.7) 1(1.4)

Score 2 123 (92.5) 57 (89.1) 66 (95.7)

Score 3 6 (4.5) 4(6.3) 2(2.9)
TT-TG, lateralization 18 (138.5) 16 (25.0) 2 (2.9) 152
Bisect offset, deg 57.62 = 9.6 57.68 = 9.9 57.56 = 9.3 .876
Lateral patellar tilt angle, deg 12.10 = 5.4 12.55 = 5.7 11.67 = 5.1 .340
Lateral trochlear inclination, deg 26.39 + 4.8 25.46 = 5.0 27.28 + 4.5 .396
Trochlear angle, deg 0.45 + 2.7° 1.17 + 2.7 -0.23 = 2.6 .008
Patellar articular cartilage, % (overlap) 0.49 *+ 0.18° 0.35 = 0.11 0.62 = 0.15 <.001

“Values are presented as n (%) or mean *+ SD. CAKP, Chronic Anterior Knee Pain; MOAKS, Magnetic Resonance Imaging Osteoarthritis

Knee Score; TT-TG, tibial tubercle—trochlear groove.
bP value between studies, adjusted for age.

translation was present in 16.5% of participants and patel-
lar tilt in 45.1%. A bipartite patella was seen in only 1 par-
ticipant. Lateralization of the tibial tuberosity relative to
the trochlear groove was present among 13.5% of partici-
pants. A significant difference between the cohorts was
observed for patellar lateral translation (difference,
28.4%; 95% CI, 16.13-40.72), sulcus angle (mean difference
[MD], -0.60; 95% CI, —1.04 to —0.17), trochlear angle (MD,
1.39; 95% CI, 0.48-2.31), and patellar articular overlap
(MD, -0.26; 95% CI, —0.31 to 0.22).

Adjusted analyses (Table 4) showed that a larger IS ratio
(indicating patella alta) was associated with the presence of
bone marrow lesions of the patella (OR, 24.40; 95% CI, 2.63-
226.79), patellar osteophytes (OR, 51.82; 95% CI, 4.20-
640.01), Hoffa synovitis (OR, 60.37; 95% CI, 4.66-782.61),
and prefemoral fat pad synovitis (OR, 43.31; 95% CI, 4.28-
438.72). A larger patellar tilt angle (indicating greater lat-
eral tilt) was associated with the presence of minor patellar
cartilage defects (OR, 1.10; 95% CI, 1.00-1.20), patellar
osteophytes (OR, 1.12; 95% CI, 1.02-1.22), and prefemoral

fat pad synovitis (OR, 1.11; 95% CI, 1.03-1.20). Additionally,
a larger bisect offset (indicating a more lateral patellar posi-
tion) was associated with minor patellar cartilage defects
(OR, 1.05; 95% CI, 1.00-1.11) and patellar osteophytes
(OR, 1.07; 95% CI, 1.01-1.14). There was a significant asso-
ciation between a larger sulcus angle (indicating a shallower
trochlea) and the presence of patellar osteophytes (OR, 1.10;
95% CI, 1.01-1.14). Finally, a larger patellar articular carti-
lage overlap was associated with fewer patellar osteophytes
(OR, 0.03; 95% CI, 0.001-0.78) and less prefemoral fat pad
synovitis (OR, 0.02; 95% CI, 0.001-0.52).

Table 5 presents the associations between alignment
and bony shape measures and specific PFP symptoms. Sul-
cus angle was associated with usual pain (B = 0.77; 95% CI,
0.12-1.42) and problems while running (OR, 1.12; 95% CI,
1.03-1.23). Patellar articular cartilage overlap was associ-
ated with fewer problems while running (OR, 0.02; 95%
CI, 0.00-0.84).

Some relationships were observed between participant
characteristics and the alignment measures. Older age
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TABLE 4

Association Between Morphological Abnormalities

Defined by Magnetic Resonance Imaging and Alignment and Bony Shape Measures®

Patella Osteophytes, Small to Large Synovitis
Minor Bone Marrow Femur, High Signal, Fat Pad,
Cartilage Defects Lesions Patella Anterior Meniscus Hoffa Prefemoral
Patellar tilt angle, deg 1.10° 1.02 1.12° 1.04 1.03 1.04 1.11°
(1.00-1.20) (0.96-1.10) (1.02-1.22) (0.96-1.14) (0.95-1.11) (0.97-1.13) (1.03-1.20)
Patellar lateral 1.08 0.99 1.06 0.99 1.02 0.94 1.04
translation, mm (0.89-1.32) (0.84-1.16) (0.87-1.29) (0.80-1.24) (0.82-1.26) (0.78-1.15) (0.88-1.23)
Insall-Salvati ratio 11.60 24.40° 51.82° 3.73 0.53 60.37° 43.31°
(0.67-201.86) (2.63-226.79)  (4.20-640.01)  (0.26-52.71)  (0.05-5.66)  (4.66-782.61)  (4.28-438.72)
Sulcus angle 0.98 1.04 1.10° 1.04 1.01 1.04 1.09°
(0.89-1.07) (0.97-1.10) (1.02-1.18) (0.96-1.13) (0.95-1.08) (0.97-1.11) (1.01-1.16)
Wiberg classification, 3.29 2.38 0.64 5.07 0.67 0.94 0.71
medial < lateral (0.66-16.36) (0.57-10.01) (0.16-2.55) (0.99-25.75)  (0.12-3.87) (0.24-3.70) (0.17-3.00)
Lateral trochlear 1.07 0.99 0.90 0.93 1.02 1.08 0.94
inclination (0.97-1.19) (0.92-1.09) (0.82-0.98) (0.84-1.03) (0.93-1.11) (0.99-1.18) (0.87-1.02)
Trochlear angle 1.13 0.96 0.96 0.96 1.08 1.16 0.97
(0.94-1.36) (0.84-1.10) (0.83-1.10) (0.80-1.16) (0.92-1.25) (0.99-1.35) (0.84-1.11)
Bisect offset 1.05° 1.01 1.07° 1.02 1.01 1.04 1.04
(1.00-1.11) (0.97-1.05) (1.01-1.14) (0.98-1.07) (0.97-1.06) (0.99-1.10) (0.99-1.08)
Patellar articular 0.18 0.89 0.03° 0.87 2.36 0.09 0.02°
cartilage, % (overlap) (0.003-8.93) (0.06-14.36) (0.001-0.78)  (0.02-32.32)  (0.11-51.14)  (0.003-2.70)  (0.001-0.52)

“Values are presented as odds ratios (95% CI). All analyses are adjusted for study, age, sex, and body mass index.

bp < .05.

TABLE 5
Association Between Patellofemoral Pain Symptoms and Alignment and Bony Shape Measures®
KOOS AKPS: Prolonged Sitting® AKPS
Usual Pain® Pain Walking Complaints While Problems Pain After Problems While
(0-100) Stairs (n = 96) Squatting (n = 83) (n = 82) Exercise (n = 24) Running (n = 101)
Patellar tilt 0.01 0.956 0.94 1.04 0.96 0.97
angle, deg (-0.71 to 0.73) (0.89 to 1.04) (0.87 to 1.02) (0.93 to 1.15) (0.87 to 1.06) (0.89 to 1.06)
Patellar lateral -0.73 0.94 1.02 0.82 0.76 0.89
translation, mm (-2.48 to 1.02) (0.77 to 1.14) (0.85 to 1.23) (0.58 to 1.17) (0.55 to 1.04) (0.72 to 1.09)
Insall-Salvati ratio -8.77 0.34 0.81 0.15 0.26 11.37
(-30.32 to 12.78)  (0.03 to 3.46) (0.08 to 7.85) (0.004 to 5.40) (0.01 to 5.06) (0.83 to 155.94)
Sulcus angle, deg 0.77¢ 1.01 0.99 0.94 0.98 1.12¢
(0.12 to 1.42) (0.94 to 1.09) (0.93 to 1.07) (0.84 to 1.05) (0.90 to 1.08) (1.08 to 1.23)
Wiberg classification, 4.85 4.77 2.56 1.86 1.16 0.56
medial < lateral (-9.49 to 19.18)  (0.54 to 42.21) (0.41 to 15.86) (0.12 to 29.26) (0.14 to 9.57) (0.12 to 2.64)
Lateral trochlear -0.33 0.99 0.98 1.09 0.98 1.04
inclination (-1.12 to 0.46) (0.91 to 1.08) (0.90 to 1.07) (0.95 to 1.24) (0.87 to 1.10) (0.95 to 1.14)
Trochlear angle -0.90 0.97 1.07 1.06 1.02 1.16
(-2.31 to 0.50) (0.84 to 1.13) (0.91 to 1.25) (0.84 to 1.33) (0.84 to 1.24) (0.97 to 1.37)
Bisect offset 0.13 0.96 0.99 0.95 0.98 0.96
(-0.27 to 0.53) (0.92 to 1.01) (0.95 to 1.04) (0.88 to 1.03) (0.93 to 1.04) (0.92 to 1.01)
Patellar articular 0.07 1.58 0.08 2.77 11.08 0.02¢

cartilage, % (overlap)

(=21.11 to 37.83)

(0.07 to 35.55)

(0.003 to 2.18)

(0.07 to 115.85)

(0.10 to 1290.29)

(0.00 to 0.84)

“Values are presented as odds ratios (95% CI), unless otherwise noted. All analyses are adjusted for study, age, sex, and body mass index.

AKPS, Anterior Knee Pain Scale; KOOS, Knee injury and Osteoarthritis Outcome Score.

®Values presented as B (95% CI).
°No difficulty reflects the reference group.
4P < .05.
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was associated with a smaller patellar tilt angle (P < .01),
smaller sulcus angle (P < .01), Wiberg classification indi-
cating a concave facet (P = .02), larger lateral trochlear
inclination (P = .02), and larger patellar articular cartilage
overlap (P < .01). Female sex was associated with larger
patellar tilt angle (P < .01), higher IS ratio (P < .01),
and higher bisect offset (P = .01). Symptom duration >24
months was associated with higher IS ratio (P = .04),
smaller sulcus angle (P =.03), and smaller trochlear angle
(P = .04). The presence of bilateral PFP was associated
with a larger patellar tilt angle (P = .01), larger IS ratio
(P < .01), and smaller (negative) trochlear angle (P <
.01) (see Appendix Table A1, available in the online version
of this article).

DISCUSSION

Findings of this study highlight an apparent association
between 5 measures of patellofemoral joint alignment
and bony shape and the presence of cartilage, bone, and
soft tissue morphological abnormalities of the patellofe-
moral joint among people with PFP. Those with a higher
IS ratio (indicating patella alta), greater patellar tilt angle
(indicating greater lateral tilt), greater bisect offset (indi-
cating a more lateral patellar position), and greater sulcus
angle (indicating a shallower trochlea) had higher odds of
having features of patellofemoral OA on MRI, including
patellar osteophytes, minor cartilage defects, and high fat
pad signal. A lower percentage of patellar articular carti-
lage overlap was associated with having osteophytes and
fat pad synovitis. Age, sex, duration of PFP, and bilateral
PFP were associated with several alignment and bony
shape measures of the patellofemoral joint. However,
only a few associations were found between patellofemoral
joint alignment and bony shape and patient-reported
symptoms and function.

A higher IS ratio, a measure of patella alta, had the
strongest association with morphological abnormalities of
the patellofemoral joint, including the presence of patellar
bone marrow lesions, patellar osteophytes, and Hoffa syno-
vitis. A simpler alternative, the patellar articular overlap,
confirmed these associations for patellar osteophytes and
fat pad synovitis. The importance of the IS ratio as a mea-
sure of alignment was acknowledged by Stefanik et al,°
although in an older population, for its relationship to
patellofemoral joint dysfunction. A high-riding patella
may result in delayed engagement of the patella in the
trochlea during knee flexion and a reduced articular carti-
lage contact area. It was also shown that lateral patellar
maltracking is more prevalent among people with PFP
and patella alta as compared with those with PFP and nor-
mal patellar height,2® possibly because a high-riding patella
has less bony constraint to mediolateral patellar movement
in low knee flexion angles. Changes in local joint loading
attributed to patella alta with or without lateral maltrack-
ing may lead to increased patellofemoral joint stress and
may initiate or perpetuate OA processes. Indeed, Stefanik
et al®® found that a high IS ratio was a risk factor for wors-
ening of patellofemoral cartilage damage and bone marrow
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lesions over 30 months. Interestingly, we also found a posi-
tive association between (1) a higher IS ratio and (2) the
presence of Hoffa synovitis and prefemoral fat pad synovitis
as well as less patellar articular cartilage overlap and prefe-
moral pat pad synovitis. Although the role of the fat pad in
the etiology of PFP remains unclear,!! recent studies
described the fat pad as an active joint tissue capable of
modulating inflammatory and destructive responses in
knee OA.* Findings of the present study are supported by
Subhawong et al,>! who found that several markers of patel-
lar instability were associated with superolateral Hoffa fat
pad edema among patients with knee pain. This implies
that abnormal alignment and aberrant movement may con-
tribute to high signal intensity of the fat pad, indicating fat
pad edema and synovitis.

We also found that a more lateral patellar position (tilt,
displacement) was associated with greater odds of morpho-
logical abnormalities defined on MRI in the patellofemoral
joint. Abnormal patellar alignment is proposed to reduce
the contact area between the patella and trochlea, result-
ing in increased patellofemoral joint stress, particularly
in the lateral patellofemoral joint.'*1® Elevated loading of
the patellofemoral joint was hypothesized to result in
reduced patellar cartilage thickness and reduced deforma-
tional behavior of patellar articular cartilage.’® Salsich
and Perman®® found that only 17% of the variance in con-
tact area was explained by patellar width and that patellar
tilt angle did not contribute to patellofemoral joint contact
area. These results are contrary to literature linking patel-
lar alignment to patellofemoral contact area.'®'® Irrespec-
tive of the mechanism, our findings do suggest that
patellofemoral joint alignment or bony shape may contrib-
ute to increased patellofemoral joint stress, as a greater
lateral patellar tilt angle and bisect offset were associated
with cartilage defects of the patella. However, these meas-
ures were not associated with PFP intensity or symptoms.

The findings of this study are in line with previous find-
ings of patellofemoral OA populations, in which associa-
tions were found between knee alignment and imaging
features of patellofemoral OA.?* As described here, it is
plausible that patellofemoral malalignment may lead to
higher patellofemoral joint stress, potentially leading to
structural morphological changes in the joint (ie, early
OA features). However, the cross-sectional nature of the
presented data means that conclusions cannot be made
regarding causation. Although we did not find an associa-
tion between (1) specific PFP symptoms and function and
(2) alignment and bony shape measures, we did find that
specific patient characteristics were associated with partic-
ular alignment measures, including age, sex, bilaterality
and duration of PFP. It was apparent that patients with
a relatively long symptom duration and the presence of
bilateral PFP were more likely to have a higher IS ratio
and larger sulcus angle as compared with those with
a shorter symptom duration and unilateral knee pain.
This indicates that these patients might represent a dis-
tinct subgroup of PFP that is more prone to developing
patellofemoral OA later in life, as these alignment meas-
ures seem to be associated with the presence of patellar
osteophytes. Long-term follow-up of patients with PFP



AJSM Vol. 46, No. 13, 2018

will provide better insight into the often-suggested patello-
femoral OA continuum for young PFP patients® and
whether malalignment is associated with the progression
of structural MRI features in the patellofemoral joint.

The cross-sectional nature of our findings means that
clinical implications need to be made with caution. Based
on current findings, people with PFP who have patella
alta or a shallow trochlea may be at risk of more persistent
symptoms given the associations with early OA features.?*
It is important to distinguish between modifiable and non-
modifiable factors that are related to patellofemoral joint
structural morphology. For example, patella alta and lateral
patellar tilt and displacement may be amenable to nonsur-
gical interventions, such as patellar taping, bracing, and
exercise.! In comparison, surgery is required to increase
the depth of a shallow trochlea. Until the longitudinal rela-
tionship between alignment or bony shape and morphologi-
cal abnormalities is established, it is difficult to recommend
surgical intervention when the sulcus angle is not strongly
related to patient-reported symptoms or function.

Strengths and Limitations

This cross-sectional study used data from 2 of the largest
PFP cohorts with MRI. Although the cohorts were similar,
there are differences that should be noted. Patients
recruited in the Netherlands were, on average, younger,
had a shorter symptom duration, and reported worse
pain and symptoms as compared with those recruited in
Australia. This is likely related to the recruitment methods
applied. While participants in the Netherlands were
recruited in primary care settings (general practice, phys-
ical therapy, and sports medicine clinics), participants in
Australia were recruited by means of local advertising.
To address this, all analyses were adjusted for “study.”
Furthermore, our research questions centered on within-
participant relationships rather than between-group dif-
ferences. Thus, the effect of these differences on study out-
comes is likely to be marginal.

While our cohort represents a relatively large sample
size, we evaluated many associations, and it is plausible
that a type I error may have occurred. Our analyses were
hypothesis generating, and as physiologically expected,
consistent associations were found between particular
alignment measures and morphological abnormalities.
This strengthens our confidence that the results are less
likely to be by chance owing to multiple testing issues.
To enhance statistical power, we chose to analyze all align-
ment measures as continuous variables. Clinical cutoff val-
ues were proposed in the literature and may be worth
considering in future MRI studies of larger PFP cohorts.

CONCLUSION

For people with PFP, particular alignment and bony shape
measures—including higher IS ratio (indicating patella
alta), smaller percentage of patellar articular overlap, larger
patellar tilt angle (indicating greater lateral tilt), and larger
bisect offset (indicating greater lateral displacement)—are
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associated with the presence of patellar osteophytes, minor
cartilage defects, or Hoffa and prefemoral fat pad synovitis.
Patellofemoral alignment and bony shape measures do not
appear to be related to symptoms and function. Prospective
studies are required to investigate the longitudinal relation-
ship between alignment or bony shape and cartilage, bone,
and soft tissue morphological abnormalities defined on
MRI in this patient population.
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