
Table 2
Results of partial correlation for subjects with patellofemoral cartilage lesions (n ¼59)

Self-selected walk Knee flexion moment impulse Fast walk Knee flexion moment impulse

Peak knee flexion moment Peak knee flexion moment

T1r Trochlea r ¼ .26, p ¼ .049 r ¼ .39, p ¼ .004 NS r ¼ .29, p ¼ .003
Patella NS NS NS NS

T2 Trochlea NS r ¼ .28, p ¼ .005 NS NS
Patella NS NS NS NS

Table 1
Results of partial correlation for all subjects (n ¼110)

Self-selected walk Knee flexion moment impulse Fast walk Knee flexion moment impulse

Peak knee flexion moment Peak knee flexion moment

T1r Trochlea r ¼ .21, p ¼ .03 r ¼ .30, p ¼ .002 NS r ¼ .29, p ¼ .003
Patella NS NS r ¼ .21, p ¼ .03 r ¼ .25, p ¼ .009

T2 Trochlea NS r ¼ .22, p ¼ .03 NS NS
Patella NS NS NS NS

Figure 1. Strong Spearman's correlations r (95% CI) were observed
between ultrasound and MRI medial osteophyte grades (A), and ultra-
sound and MRI lateral osteophyte grades (B). Strong and moderate asso-
ciations were found between ultrasound and MRI medial cartilage grade
(C), and medial cartilage ultrasound and MRI - full thickness loss grade
(D), respectively. The relationship between ultrasound and MRI lateral
cartilage grades was substantial (E) to low (F). All observed correlations
hat statistical significance level of p<0.001. Kruskal-Wallis post hoc test
indicated the significant difference between separate MRI grades
(*p<0.05, **p<0.01, ***p<0.001).
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Conclusions: Findings support the premise that higher knee flexion
moment and impulse during walking are related to degenerative
cartilage changes in the PFJ. Based on the results, knee flexion
moment impulse may be a more important predictor of PFJ cartilage
composition than peak knee flexion moment. In addition, the
observed relationships were stronger in subjects with PFJ cartilage
lesions, suggesting that articular cartilage may be more susceptible to
mechanical loading with the existence of lesions. Future intervention
protocols of PFJ OA may focus on reducing knee flexion moment and
impulse during walking.
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Purpose: Non-invasive ultrasonography is an imaging tool with sig-
nificant potential in knee osteoarthritis (OA) assessment. To date,
magnetic resonance imaging (MRI) is considered the most accurate
imaging modality in the assessment of knee OA. MRI OA knee score
(MOAKS) has been developed and used in OA research and clinical trials
to evaluate structural deterioration of various tissues within the knee
joint. Despite its high sensitivity, MRI is not usually used as an initial
imaging technique for knee OA due to practical and cost reasons. In
contrast, ultrasonography is cheap, time-efficient, and offers high res-
olution and real-time imaging. For these reasons, ultrasound could be
considered as the first modality for detection of morphological changes
in OA. However, systematic comparison between ultrasonography and
MRI have not been reported so far. In this study, we compared semi-
quantitative ultrasound (SQUS) grading of femoral articular cartilage
and osteophytes with MOAKS.
Methods: The Oulu OA study included 79 patients (age ¼59.9±7.8,
range¼34-70) with persistent knee pain and 80 asymptomatic con-
trols (age¼55.6±13.9, range¼24-70). MRI and dynamic ultrasound
examination of either symptomatic knee in patients or asymptomatic
knee in controls was conducted. The femoral articular cartilage dam-
age and presence and size of medial and lateral femoral and tibial
osteophytes were scored using MOAKS. We also scored the same
features from ultrasound videos using SQUS (described by Saarakkala
et al. 2012). The femoral cartilage was evaluated from MRI sub-
regionally for size of any cartilage loss and size of full thickness loss as
follows: medial anterior, medial central, lateral anterior and lateral
central. Correspondingly, medial, trochlear (sulcus) and lateral regions
were individually graded from ultrasound videos. Following grades
were established for the comparison: the maximum MRI grade from
anterior and central sub-regions in medial condyle (MRI medial car-
tilage grade and MRI medial cartilage - full thickness grade) and lateral
condyle (MRI lateral cartilage grade and MRI lateral cartilage - full
thickness grade). Furthermore, the maximum SQUS from medial and
sulcus regions (SQUS medial cartilage grade) was used. To assess the
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severity of osteophytes in medial and lateral compartment, the max-
imum grade of femoral and tibial osteophyte grades was used for both
modalities (i.e., SQUSmedial osteophyte grade, MRI medial osteophyte
grade, SQUS lateral osteophyte grade, MRI lateral osteophyte grade). In
the statistical analysis, ultrasound and MRI outcomes were site-spe-
cifically compared using Spearman’s correlation coefficient and
Kruskal-Wallis post-hoc test. The receiver-operating characteristics
(ROC) were used to quantify the site-specific diagnostic performance
of ultrasound with respect to corresponding MRI grade (0 considered
as “normal” and grade � 1 as “OA”).
Results: Strong positive correlations were observed between medial
and lateral ultrasound and MRI osteophyte grades (Fig. 1 - A, B). Strong
to weak significant positive correlations were found between medial
ultrasound andMRI cartilage grades (Fig.1 - C, D), and lateral ultrasound
and MRI cartilage grades (Fig. 1 - E, F). In all sites, ultrasound grade was
able to significantly differentiate (p < 0.05) between separate MRI
grades, especially in early OA stages (betweenMRI grade 0 and 1, Fig. 1).
The diagnostic performance of ultrasound to detect any osteophytes in
medial and lateral compartments was excellent (Fig. 2 - A, B). The
diagnostic performance of ultrasound to detect any cartilage degener-
ationwas good inmedial femoral condyle (Fig.2 - C, D) and fair in lateral
Figure 2. The ROC curves demonstrating the ability of ultrasound to detect
OA in separate sites of the knee joint. Site-specific MRI grade was used to
determine the absence (grade ¼ 0) or presence (grades � 1) of OA. The
area under the curve (AUC) indicated excellent ability of ultrasound
medial (A) and ultrasound lateral (B) osteophyte grades to detect any
osteophyte in the specific compartment. Good diagnostic ability of
ultrasound medial cartilage grade to recognize any cartilage loss (C) and
full thickness loss (D) in the region was observed. AUC indicated fair
diagnostic performance of ultrasound lateral cartilage grade to detect any
cartilage loss (E) and full thickness loss (F) in the region.
femoral condyle (Fig. 2 - E, F). When choosing the cutoff value of SQUS
medial cartilage grade 1, 98% of the subjects were correctly diagnosed as
osteoarthritic, however the specificity remained low (37%) (Fig. 2 - C).
When using cutoff value of grade 2, the sensitivity and specificity of
ultrasound were reasonably good, 76% and 70%, respectively.
Conclusions: The present comparison of dynamic SQUS and MOAKS
revealed that both modalities are in good agreement for cartilage and
osteophyte assessment. Our results suggest that ultrasound could be
used as a first-line or complementary imaging technique in initial
evaluation of OA, especially in OA phenotype with dominant bone
changes, i.e., osteophytes.
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Purpose: The clinical significance of pre-radiographic lesions in persons
at risk for knee OA is unclear. Understanding whether such lesions are
inconsequential vs. early manifestations of disease will aid prevention
and disease-modifying strategy design. White et al (2010) illustrated
that structure change in OA may be more consequential than present
but static disease. Our objective was to test the hypotheses, in persons
without any radiographic knee OA but at higher risk to develop it, that:
12-48 month change in MRI lesions is associated with greater 12-48
month risk of incident early radiographic features of OA and greater 48-
84 month risk of persistent symptoms.
Methods: In a cohort study of 849 OAI (Osteoarthritis Initiative) par-
ticipants who were Kellgren and Lawrence (KL) grade 0 in both knees,
we assessed right knee (left if right technically inadequate) cartilage
damage, bone marrow lesions (BMLs), and meniscal damage on 12-
month (baseline for this study) MRIs using the MOAKS scoring system
(WORMS for BMLs). Incident radiographic OA features for these persons
were defined as evidence of KL grade �1 by 48 month follow-up (the
latest time point for OAI x-ray data by centralized reading released at
the time of abstract preparation). Persistent symptoms in the sub-
sequent period (48-84 months) were defined as frequent knee symp-
toms or medication use for knee symptoms most days of a month in the
past 12 months, at 2 consecutive annual OAI visits between 48 and 84
month follow-up evaluations. Multivariable logistic regression (one
knee/person) was used to evaluate associations between worsening
lesion status (defined as evidence by 48 months of incident lesions or
worsening of lesions present at baseline) vs. non-changing lesion status
(no incident lesions or worsening of existing lesions) for each of the
outcomes analyzed, adjusting for age, gender, BMI, knee injury, and
knee surgery.
Results: The sample of 849 persons had a mean age 59.6 years (SD 8.8),
BMI 26.7 kg/m2 (4.2), and 475 (55.9%) were women. The Table shows
the frequency of each outcome by 12-48 month lesion status groups,
i.e., none/none, none/incident lesion, lesion/no change, and
lesion/worse. As shown in the Table, in adjusted models, 12-48 month
lesion status change in tibiofemoral (TF) cartilage damage, meniscal
tear, meniscal extrusion, and TF BMLs was associated with a sig-
nificantly greater risk of concurrent incident KL �1, and 12-48 month
lesion status change in TF cartilage damage, patellofemoral (PF) carti-
lage damage, and PF BMLs with a significantly greater risk of 48-84
month persistent symptoms (findings which persisted after further
adjusting for presence of persistent symptoms during the 12-48 month
period).
Conclusions: In persons at higher risk but without any evidence of
radiographic knee OA at baseline, changing MRI lesion status over a 3-
year interval was associated with a greater risk of concurrent devel-
opment of early radiographic features of OA and a greater risk of per-
sistent symptoms over a subsequent 3-year follow-up. These findings
suggest that such lesions, particularly when they are changing, may
represent early disease and illness and support the concept of com-
pensated/stable and decompensated/progressive phases at very early
stages of OA.
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