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SUMMARY

Purpose—To explore the association of baseline trabecular bone structure with incident
tibiofemoral (TF) osteoarthritis (OA) and with increase in joint space narrowing (JSN) score.

Methods—The Multicenter Osteoarthritis Study (MOST) includes subjects with or at risk for
knee OA. Knee radiographs were scored for Kellgren—-Lawrence (KL) grade and JSN at baseline,
30, 60 and 84 months. Knees (KL < 1) at baseline were assessed for incident OA (KL>2) and
increases in JSN score. For each knee image at baseline, a variance orientation transform method
(VOT) was applied to subchondral tibial bone regions of medial and lateral compartments.
Seventeen fractal parameters were calculated per region. Associations of each parameter with OA
incidence and with medial and lateral JSN increases were explored using logistic regression.

"Address correspondence and reprint requests to: P. Podsiadlo, Curtin University, Bentley, Australia. pawel.podsiadlo@curtin.edu.au
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Analyses were stratified by digitized film (DF) vs computer radiography (CR) and adjusted for
confounders.

Results—Of 894 knees with CR and 1158 knees with DF, 195 (22%) and 303 (26%) developed
incident OA. Higher medial bone roughness was associated with increased odds of OA incidence
at 60 and 84 months and also, medial and lateral JSN increases (primarily vertical). Lower medial
and lateral anisotropy was associated with increased odds of medial and lateral JSN increase.
Compared to DF, CR had more associations and also, similar results at overlapping scales.

Conclusion—Baseline trabecular bone texture was associated with incident radiographic OA
and increase of JSN scores independently of risk factors for knee OA. Higher roughness and lower
anisotropy were associated with increased odds for radiographic OA change.

Keywords

Trabecular bone; Radiography; Fractal; Radiographic osteoarthritis; Joint space narrowing

Introduction

Trabecular bone is constantly remodeling in response to stress. Different patterns of the bone
structure have been detected and studied using texture analysis of plain radiographs. In cross
sectional studies, differences have been found in tibial trabecular bone texture between
subjects with and without radiographic knee osteoarthritis (OA), and in particular bone
texture exhibited higher vertical medial roughness for knees with radiographic OA than
control knees2, For subjects without radiographic tibiofemoral (TF) knee OA, those with
cartilage defects on magnetic resonance imaging (MRI) had the highest vertical medial
roughness compared to those without cartilage defects3. Cartilage defects have been shown
to occur well before radiographic OA and predict longitudinal cartilage loss* and joint
replacement®. In longitudinal studies, tibial trabecular bone texture predicted an increase of
medial joint space narrowing (JSN)8:7. Also, vertical medial trabecular bone texture
predicted knee OA progression quantified by changes in medial radiographic and MRI
measures of cartilage volumes®,

Those past studies have suggested that trabecular bone texture has a potential for predicting
incidence of radiographic knee OA. However, those studies had limitations with regard to
their sample size (ranging from 28 to 413), inadequate adjustment for potential confounders
and known risk factors (such as age, meniscectomy, knee alignment), and because they
included only a single follow-up time-point.

To address such limitations, we present a study in which we explored the association
between measures of baseline trabecular bone texture and two radiographic outcomes: (a)
radiographic TF OA incidence and (b) an increase in TF JSN score, with the outcomes
determined at three follow-up time-points in a large number of subjects. Insights gained
from the work could be used in future confirmatory research on a prognostic system for knee
OA, including an imaging biomarker useful in the assessment of OA, for the development of
disease modifying OA drugs and other treatments (e.g., exercise regimes).
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Materials and methods

Subjects

We used data from the Multicenter Osteoarthritis Study (MOST) which is a longitudinal
cohort study of 3026 subjects aged 50-79 years at baseline with, and at high risk for, knee
OA and examined at 30, 60 and 84 months follow-up visits. Subjects were recruited from
two US communities, Birmingham, Alabama and lowa City, lowa. The study protocol was
approved by the Institutional Review Boards at the University of lowa (Ulowa), University
of Alabama (UAB), Birmingham, University of California, San Francisco and Boston
University School of Medicine.

We studied subjects without radiographic OA at baseline (Kellgren—Lawrence (KL) 0 or 1)
in both knees and who had at least one follow-up X-ray available at 30, 60 or 84-months
follow-up. From 6052 knees (3026 subjects) at baseline, 4426 knees (2547 subjects) with
KL grade 0 or 1 at baseline were considered eligible for OA incidence and an increase in
JSN grade. We excluded knees that had under- or over-exposed radiographs or had grid
artifacts visible, or where non-anatomical objects (e.g., clothes) overlaid the subchondral
tibial bone. Other exclusions were knee replacement, missing patella, osteonecrosis,
amputation, rheumatoid arthritis, fracture, JSN grade = 2 or more at baseline, undetermined
TF status at follow-up, missing knee alignment measurement, self-reported knee injury or
surgery, leaving 2052 knees (1433 subjects) for analysis (Fig. 1).

Acquisition of radiographs

Standing posteroanterior (PA) and lateral weight bearing semiflexed radiographs were
acquired at baseline and follow-up visits using the MOST study protocols (Section 1 of the
Appendix). Knee images were acquired at the UAB clinic using computer radiography (CR;
pixel spacing = 0.17 mm), while digitized films (DF; pixel spacing = 0.1 mm) were used at
the Ulowa clinic.

Grading of knee radiographs and measurement of knee alignment

Radiographs of all knees were read for JSN, osteophytes and KL grade while knee
alignment was measured as previously described (Sections 2 and 3 of the Appendix).

Definitions of knee OA incidence and increase in JSN

In knees without TF radiographic OA (KL grade 0 or 1) at baseline, we defined incident OA
as a new onset KL grade = 2 N representing development of a definite osteophyte (new or
enlarging) at follow-up® (Table I). Knee OA incidence in MOST can also be defined as the
new combination of JSN and a definite osteophyte in a knee with respect to the previous
visit10, The definition of OA incidence used in this analysis was more sensitive to OA
changes since a knee with KL grade = 2 N does not have to have JSN at the time point when
the incidence occurs. Definite osteophytes are sufficient to classify the knee as having OA10,

JSN outcomes were defined as an increase in JSN score, which is an increase in medial or
lateral TF JSN by a half grade or more at follow-up based on both PA and lateral views.
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Previous studies showed that an increase of JSN by a half-grade or more yields high rates of
radiographic progression in knees?0.

Region selection for fractal analysis

In each baseline knee X-ray image, trabeculae bone texture regions (12.8 mm x 12.8 mm)
were selected on the subchondral bone immediately under the medial and lateral cortical
plates of the tibia using an automated method®. The size and placement of bone regions
were identical to those that produced the strongest signal related to OA detection’? and used
in the prediction of OAS. Details of accuracy of the bone region selection are given in
Section 4 of the Appendix.

Fractal texture parameters

All fractal parameters were calculated using a variance orientation transform (VOT)
method3 separately for both medial and lateral compartments. The method was applied to
each region. For the fractal analysis, all DICOM images were converted to 8-bit
uncompressed TIFF format. Details of the method are described in Section 5 of the
Appendix.

For the trabecular bone regions of MOST knees analyzed, fractal parameters were calculated
over all nine scales and specifically at small (S), medium (M) and large (L) ranges of
trabecular image sizes (three scales per range). In CR the size ranges were: S=1.02-1.36
mm, M= 1.53-1.88 mm, and L = 2.05-2.39 mm. In DF they were: S= 0.60-0.80 mm, M=
0.90-1.10 mm, and L = 1.20-1.40 mm. Past studies showed that changes in TB occur at
small, medium and large sizes on the development pathway to knee OA3,

The total number of fractal parameters calculated was seventeen and they are described
below:

. Four fractal dimensions (FDpeanN, FDv, FDR, FDst,): These FDs are a measure
of the overall (FDpgan), Vertical (FDy/) and horizontal (FDy) direction
roughness of trabecular bone texture, respectively. Minor axis fractal dimension
(FDsta) quantifies texture roughness in the direction of the roughest part of
trabecular bone. This part contains the shortest bone length components. FDs are
defined over all scales and their higher values correspond to rougher texture.

. Nine fractal signatures (FSs) along the direction of the texture roughest part
(FSsta_s, FSsta_m, FSsta L), the horizontal (FSH_s, FSH_wm, FSH_L) and vertical
(FSv_s, FSv_m, FSy ) directions; each FS is a mean value of FDs calculated at
individual sizes that are within the S, Mor L range. FSs quantify the mean
roughness of bone texture at individual range.

. Four aspect ratios (Str, StrSg, StrSy;, StrS;); these aspect ratios measure a degree
of the bone anisotropy (i.e., the amount by which the roughness of bone texture
changes with direction) over all sizes or at individual size range; taking values
between 0 and 1. A higher anisotropy corresponds to a lower value of the aspect
ratio. If the aspect ratio is 1 then the bone texture is perfectly isotropic (i.e., in all
directions the roughness is the same).

Osteoarthritis Cartilage. Author manuscript; available in PMC 2017 October 01.
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Statistical analysis

Results

We assess the association of each individual fractal parameter with each outcome analyzed
in a separate model. Associations were explored without a specific hypothesis for the form
of relationship. We performed 17 individual tests for each outcome. Multivariable analysis
(i.e., including all fractal parameters in the same model) was not conducted.

Subjects were stratified by radiographic modality since CR (computer radiography at UAB)
and DF (digitized film at Ulowa) had different resolutions. Baseline demographic
characteristics of the subjects were tabulated. At the knee-level, KL, JSN and osteophyte
grades and knee alignment were detailed. The characteristics of subjects who did, and those
that did not, have radiographic OA at follow-up were compared using Student’s #test, the
Mann-Whitney U'test, or Chi-square tests as appropriate. The comparisons were also
performed using outcomes based on an increase in JSN score.

Baseline knees were categorized into four quartile groups (denoted in the Tables I1-1V as
Q1, Q2, Q3, Q4) on the basis of quartiles of each fractal parameter, determined separately
for men and women. The first quartile group Q1 has the lowest 25% of values of parameter,
while the group Q4 has the highest 25% of values. Q2 and Q3 comprise the remaining 50%
of values, split at the median. Logistic regression was used to assess the association of each
baseline medial and lateral fractal parameter with incident TF OA and with an increase in
medial, and separately an increase in lateral, JSN scores. Generalized estimating equation
methods were used to account correlations between knees in one subject. Odds ratios were
calculated for the three groups with the higher parameters in comparison with the first group
(Q1 = reference). Linear and U shaped trends were tested using continuous fractal
parameters in logistic regression models. For the linear trend, the fractal parameters were
modified to z-scores (mean = 0 and SD = 1) and for the U-shaped trend, to z-scores and the
square term of z-scores.

Sex, race, age, BMI, knee alignment and KL grade were identified as potential confounders
using a six-step directed acyclic graph!4. A distribution of each confounder across the
groups of each texture parameter was checked by means of Chi-square or ANOVA tests. No
overlapping was found for gender. Because of this and the fact that differences in FDs
between genders have been previously reported?®, our analyses were performed using
gender-specific quartile groups for fractal parameters. Regression models were adjusted for
confounders.

Statistical analyses were performed using SAS system for Windows (version 9.2; SAS
Institute, Cary, NC). Two-tailed P-values <0.05 were considered statistically significant.

Of 6052 knees from 3026 subjects, 894 (UAB) and 1158 (Ulowa) knees from 626 and 807
subjects respectively were included in our study (Fig. 1). No significant differences were
found in demographics between those who were included in our study and those who were
not (data not shown). Known risk factors for OA showed independent associations with the
outcomes of OA incidence and increase in JSN score. Women had higher percentage of
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outcomes and BMI was higher at baseline (Supplementary Tables I-111). Knee level
characteristics such as KL grade 1 vs 0, JSN grade 1 vs 0, presence of osteophytes had
associations with outcomes as expected (Supplementary Tables I-111). Malalignment showed
strong associations with increase of JSN score in both compartments (Supplementary Tables
Il and I11).

We followed the subjects up to the last visit (the 84 months follow-up) if they did not have
OA incidence or increase in JSN score at 30 or 60 months. The median follow-up times were
2.5, 5.7 and 7.7 years, respectively, and they were consistent across outcomes and clinics.
Most of the OA incidence and the increases in JSN occurred in medial compartments (Table

).

Statistically significant results obtained for odds ratios and trends of fractal texture
parameters have been listed in Table 11 (for incidence of radiographic OA) and Tables 111 and
IV (for increase in JSN) for each follow-up.

Associations of bone roughness and anisotropy with incident OA (KL grade =2N)

Anisotropy

Roughness—For CR images, roughness measured from medial compartment bone regions
produced significant odds ratios with incident OA at 60 months follow-up, for the horizontal
direction: odds ratios were 1.73 and 2.03 for Q4 of FSy \ (P =0.007) and FS (P =0.008)
respectively (Table II). For incidence at the 84 months follow-up, the vertical direction
FSv L and FDy, had significant odds ratios values of 2.99, 3.06 and 2.35 for Q2, Q3 and Q4
(P=0.005) and 2.09 for Q4 (P = 0.009) respectively (Table II). The roughest direction
FDsta_ | and the mean overall roughness FDyean had significant odds ratios and they were
1.90 and 2.03 for Q4 (P =0.0014 and £ =0.012) (Table II).

Results obtained from the medial compartment bone regions of DF images were not
statistically significant.

No statistically significant results were found for associations between anisotropy measured
by VOT and the outcome of incident OA.

Associations of bone roughness and anisotropy with increase in medial JSN (JSN grade

=0.5)

Roughness—On CR images, an increase in medial JSN score occurred in 137 (15.3%)
knees in 126 subjects (Table I, Supplementary Table I1). The number of knees is cumulative
to 84 months (i.e., 62 (45.3%) with JSN increase were first time detected at 30 months, plus
52 (38%) at 60 months and plus 23 (16.8%) at 84 months). For medial compartment bone
regions of CR images, statistically significant odds ratios for the outcome of medial JSN
increase were 2.09, 2.02 and 2.00 for FSy, s (P=0.042, 0.0026 and 0.035) at 30, 60 and 84
months respectively, and at 84 months, 1.91 for FDpean (P =0.025), and these significant
associations were all for Q4 (Table I11).

For DF images, an increase in medial JSN score occurred in 213 (18.4%) knees in 193
subjects, comprising 92 (38.0%), 78 (36.6%) and 43 (20.2%) knees at the 30, 60 and 84
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months follow-up respectively (Table I, Supplementary Table I1). For medial compartment
bone regions of DF images, significant odds ratios for the outcome of medial JSN increase
were found at 30 months follow-up; for the vertical direction they were 2.34, 2.04, 2.26 and
2.81 for Q4 of FSy s, FSy wm, FSy | and FDy (P=0.007, 0.028, 0.007 and 0.007) (Table
IT). Also significant was odds ratio of 1.94 for Q3 of FDy, \ (P =0.028) (Table I1).

Anisotropy—For CR images, no associations were found between anisotropy in the medial
compartment and an increase in medial compartment JSN score.

For DF images, anisotropy analysis of medial compartment bone regions showed significant
odds ratio of 0.51 at 30 months followup for Q2 (P = 0.026), and for anisotropy of lateral
compartment bone regions, StrS; had significant odds ratios of 0.48 and 0.60 for Q2 (P=
0.002 and 0.016) at 60 and 84 months follow-ups (Table V) for associations with an
increase in medial compartment JSN. These results indicated that lower anisotropy was
associated with increased odds of medial compartment JSN increase.

Associations of roughness and anisotropy with increase in lateral JSN (JSN grade =0.5)

Roughness—For CR images, 59 (6.6%) knees in 57 subjects had the increase in lateral
JSN score. At each follow-up the increase occurred for 25 (42.4.0%), 22 (37.3%) and 12
(20.3%) knees respectively (Table I, Supplementary Table 111). For roughness analysis of
medial compartment bone regions of CR images, significant odds ratios for an increase in
lateral JSN were 2.93, 3.90, 4.37 and 3.29, 3.11, 5.16 for Q2, Q3 and Q4 of FSy, | (both A=
0.001) at 60 and 84 months followups respectively (Table I11). For roughness analysis of
lateral compartment bone regions of CR images, odds ratios for an increase in lateral JSN
were 0.32, 0.30 and 0.27 for Q4 of FSy s, FSy_m and FSy (P=0.003, 0.006 and 0.006) at
84 months follow-up.

For DF images, 86 (7.4%) knees in 80 subjects had the increase in lateral JSN score. At each
follow-up the increase occurred for 23 (26.7%), 35 (40.7%) and 28 (32.6%) knees
respectively (Table I, Supplementary Table I11). No significant associations were found.

Anisotropy—No associations were found between VOT anisotropy and an increase in
lateral compartment JSN score.

Linearity of associations of VOT results with radiographic score changes

All associations found for roughness exhibited linear trends (Tables 11 and I11). For
anisotropy, the results obtained had significant U-shaped trends (Table IV).

Discussion

This is a large-scale exploratory study of the association between knee trabecular bone
structure patterns and both incident radiographic TF knee OA and increased knee JSN score.
We found that tibial trabecular bone texture on baseline radiographs was associated with
incident OA defined as development of a definite osteophyte (new or enlarging) at follow-
up. Also, we found associations between the bone texture and loss of joint space
longitudinally (defined by an increase of OARSI JSN score by a half-grade or more). All
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associations were independent of adjustment for baseline sex, age, race, BMI, knee
alignment, and KL grade.

Our findings were reported for individual associations of each bone texture fractal parameter
(one exploratory variable) and OA incidence or increasing JSN score (one outcome).

We found differences in results between clinics, likely attributed to the different resolution
and acquisition modalities of the radiographs. At the UAB clinic, CR produced images with
relatively large (0.17 mm) pixel size, and most of the associations were found at the bone
texture large sizes (1.02—2.39 mm) over 60 and 84 months. The Ulowa clinic had higher
resolution images (pixel size = 0.10 mm) obtained from DF and most of the associations
found were significant at the small sizes (0.60-1.40 mm) over 30 months. These findings
indicate that the large size characteristics show associations in low-resolution images. In
high-resolution images, associations were found for the small size characteristics. Therefore,
we discussed our results by referring to CR (low resolution) and DF (high resolution) instead
of UAB and Ulowa.

OA incidence

For medial regions from CR images, we found that a higher horizontal roughness of
trabecular bone texture at baseline (FSy_wm, FDy) had an increased odds (1.73, 2.03) for
incident OA over 60 months. This is consistent with cross-sectional results from previous
studies which showed that subchondral bone regions may have higher horizontal roughness
for knees with mild and definite OA5. We also found the increased odds (1.90-3.06) along
the vertical (FSy |, FDy) and roughest (FSst | ) directions and for the overall roughness
(FDMmEeaN) over 84 months, agreeing with cross-sectional studies in which an increase in
medial vertical FSs was detected for knees with OAL2. Medial vertical bone texture has also
previously been shown to be cross-sectionally associated with marginal osteophyte sizel6.
At early stages of OA the thinning, fenestration, or breakage of small rod-shaped trabeculae
has been observedl’ and such changes could explain the associations found for the higher
roughness of trabecular bone (high values of FS parameters) with incident OA.

We found no associations for OA incidence at 30 months followup. Possible reason is that
over this relatively short period, the incidence of knee OA was low (8.5%; 76 out of 894
knees, Supplementary Table I, Table I). Our results are in line with Dore et a/.! where no
associations were seen over 48 months. Also, for lateral bone regions no associations were
found. This could be due to the fact that most of the incident OA cases had JSN in the
medial compartment; 110 medial vs 47 lateral (Table I).

Increase in JSN score

For medial bone regions from CR images and the increase of medial JSN score, associations
between higher bone roughness and JSN increase were similar to those found for incident
OA over 84 months. For CR and DF images, significant associations were found for JSN
increase at 60, and especially 30, months follow-up. Also, for DF images, higher bone
anisotropy was associated with medial JSN increase (ORs of 0.48-0.60 for StrS, ) both
medially and laterally. Our findings are consistent with previous studies in which an increase
in the vertical FDs measured on medial bone regions was associated with an increase of
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medial JSN progression at 36 months’. Also, a previous study suggested that the baseline
bone trabecular integrity (BTI; fractal measure) terms for vertical trabeculae are inversely
proportional to loss of joint space width and area and cartilage volume over 24 months8.

The associations of VOT results with increasing JSN score found in this study and evidence
from other studies suggest that the fractal parameters could reflect early stage subchondral
bone changes due to increased biomechanical loading, i.e., remodeling of the bone that
involves bone matrix formation and degradation by osteoblasts and osteoclasts18.

We found more pronounced associations for the outcome medial JSN score increase as
compared to incident OA. This could be attributed to our definition of incident OA, which is
based on the KL scale which involves growth of osteophytes and JSN, which are different
pathological processes and occur in different tissues'®. We had 40 OA incident cases (out of
195) without JSN change (Table I). Also, the amount and kind of OA changes from one KL
grade to the next are not necessary the same throughout the scale. KL grades 1-2 track
mainly the growth of osteophytes while KL grades 3-4 emphasize differences in JSN20,

Since KL grade 1 is a step on the path between a normal knee (KL = 0) and the one with OA
(KL = 2) or one with an increase in JSN score, it could be argued that we should have
adjusted for KL grade as an intermediate variable instead of a confounder. Past studies [e.g.,
21,22] have suggested the FD differences between knees with KL = 1 and knees with KL =
0. However, there is no evidence supporting a causal pathway between FD and KL grade,
i.e., that a particular value of FD leads to higher or lower KL (JSN, osteophyte) grade. Also,
when we ran a sensitivity analysis on our data stratified by KL grade (grade 0 or 1), the
results obtained (data not shown) did not alter our conclusions.

As the nature of this project is exploratory we decided to use the full range of 17 VOT
parameters rather than only a limited number. Reducing the number of parameters to only
those found as the most promising in previous studies could have compromised the purpose
of our analysis. The results in previous studies were obtained for small sample sizes, one-
point in time and/or models only partially controlled for potential confounders.

In this exploratory study, we performed many isolated tests. Our P-values reported were not
corrected for multiplicity. We did this intentionally. In the context of an exploratory study of
a large number of experimental parameters the adjustment for multiplicity could be
counterproductive, resulting in finding no associations where there were associations (type Il
error)23, To assess the possible impact of collinearity between individual fractal parameters
and the covariates in the models we calculated variance inflation factors. Inflation factors
greater than 10 were found, suggesting collinearity between age and intercept and between
BMI and intercept. Further investigation suggested that the collinearity was due to large
differences in scale between BMI and age and the other confounders. Therefore we
normalized the age and BMI into variables with standard deviation equals to 1. This
normalization did not essentially change associations between fractal parameters and OA
incident and JSN worsening.

We checked whether the odds ratios approximated the relative risk in our data?4. We found
that the relative risks were lower (for ORs > 1) or higher (for ORs < 1) and showed same
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trends as compared to the odds ratios presented. Statistical significances were found: for
medial bone regions, the relative risk of OA incidence was 1.57 for FDy, and for lateral
regions, the risk of lateral JSN score increase was 0.39 and 0.30 for FSy, s and FDy,. Thus,
the odds ratios do not approximate the relative risk in our data, except when number of
events is below 10% (lateral JSN increase).

There are important limitations to this study. First, FS analysis is a relatively new field and
as the nature of our study is exploratory with multiple comparisons made, some significant
results could be by chance alone. The high probability of false positives remains a concern.
Thus, our findings need to be confirmed using other datasets. Second, the two clinics in
MOST use different resolutions and acquisition techniques for their imaging. Despite this
our results between clinics were similar at the trabecular image sizes that overlapped (i.e.,
for CR: §=1.02-1.36 mm and DF:; L =1.20-1.40 mm). Also, at small trabecular sizes
(0.60-1.40 mm) associations were found mainly for 30 months while at large sizes (1.02—
2.39 mm) they were obtained for 60 and 84 months. These findings are consistent with the
previous studies showing that early OA changes in bone occur in small trabeculael’. Third,
the sample sizes available for the increase in lateral JSN were relatively small. This is
because lateral compartment OA is rare. In previous studies, the lateral compartment was
often not analyzed because of the low power of calculations.

In this study, we found that tibial trabecular bone texture on baseline radiographs was
associated with incident OA defined as development of a definite osteophyte as well as loss
of joint space longitudinally. All associations were independent of adjustment for sex, age,
race, BMI, knee alignment, and KL grade at baseline.
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Baseline
n = 6052 knees (3026 subjects)

A 4 A 4
Birmingham, AL (UAB) Iowa City, IA (Ulowa)
(CR low resolution images) Exclusions (DF high resolution images)

n = 3038 knees (1519 subjects) n = 3014 knees (1507 subjects)
Quality of baseline x-ray images
< (under- or overexposure; grid artifacts, overlapping Loy
> by non-anatomical objects) -
v UAB: n =902 (348), Ulowa: n = 656 (207) v
n = 2136 knees n = 2358 knees
Knee replacement, missing patella, osteonecrosis,
> amputation, rheumatoid arthritis or fracture o
W UAB: n=15 (2), Ulowa:n=9 (1) W
n=2121 knees n = 2349 knees
Knees with KL grade =2 at baseline
UAB: n =851 (259), Ulowa: n =775 (220)
h <
Call Ty
A 4 KL<2, but ]SN grade = 2 at baseline A 4
n = 1263 knees UAB: n =7 (1), Ulowa: n =4 (0) n = 1570 knees
| Knees with undetermined TF status at follow-up |
- UAB: n =112 (40), Ulowa: n = 86 (29) i
v A 4
n = 1151 knees n = 1484 knees
Knees with missing measurement of alignment at
- baseline =
W - UAB:n=9(2), Ulowa:n=2(1) W
n = 1142 knees n = 1482 knees
- Knees with injury or surgery o
£ UAB: n = 248 (35), Ulowa: n = 324 (45) I
A 4 A4

Knees and subjects used in analysis

n = 894 knees (626 subjects)
(268 bilateral, 358 unilateral)

n = 1158 knees (807 subjects)

(351 bilateral, 437 un

ilateral)

Fig. 1.

Flow chart of the knee exclusion criteria.
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Page 14

Location and description of TF radiographic OA in knee joints, with incidence and space joint narrowing by
subsets of compartment and radiographic modalities cumulative to 84-month follow-up

Clinic site/Radiographic modality and image resolution

Birmingham, AL (UAB) CR low
resolution images 894 knees

lowa City, IA (Ulowa) DF high
resolution images 1158 knees

Definition/location

Incident tibiofemoral OA: K-L grade =2 N (PA view), N (%)
Medial compartment only

Lateral compartment only

Both compartments

Incident without JSN change

Medial JSN by =0.5 grade (both PA and lateral views), N (%)
Medial compartment only

Both compartments

Lateral JSN by =0.5 grade (both PA and lateral views), N (%)
Lateral compartment only

Both compartments

195 (21.8)
108 (55.4)
45 (23.1)
2 (1.0)
40 (20.5)
137 (15.3)
134 (97.8)
3(2.2)
59 (6.6)
56 (94.9)
3(5.1)

303 (26.2)
164 (54.1)
61 (20.1)
10 (3.3)
68 (22.4)
213 (18.4)
201 (94.4)
12 (5.6)
86 (7.4)
74 (86.0)
12 (14.0)
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