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Abstract

For more tailored treatment of osteoarthritis
it is worthy to identify different subpopulations
early in the disease. Objective of this study is to
evaluate whether the sensitivity to detect pro-
gression of radiographic features, which may
add to this identification, can be improved by
quantitative measurement (using Knee Images
Digital Analysis; KIDA), compared to qualitative
grading (according to the Altman atlas). Among
individuals with early signs related to
osteoarthritis (Cohort Hip and Cohort Knee,
Check) symptomatic knees (n=1082) were
selected. Standardized baseline and two-year
follow-up radiographs were evaluated for joint
space narrowing, osteophyte formation, and
bone density changes using KIDA measurement
and Altman scales. Sensitivity to change was
determined by calculating the standardized
response mean (SRM). For all distinct KIDA
parameters, the smallest detectable difference
was calculated to define radiographic changes
at the individual level. The percentage of knees
that changed was compared between KIDA
measurement and Altman grading. Also agree-
ment between both methods was evaluated.
Studying radiographic progression in knees
with early signs related to osteoarthritis
showed, for all KIDA and Altman parameters, a
small SRM and radiographic change in a small
percentage of knees. The sensitivity to detect
radiographic progression was similar for KIDA
measurement and Altman grading. However,
agreement between the Altman and KIDA

method was limited (kappa ≤0.20). Although
sensitivity to change is limited, similar for KIDA
measurement and Altman grading, this may not
exclude that measurement of separate features
might be useful to distinguish subpopulations
of osteoarthritis later in the disease. 

Introduction

Osteoarthritis (OA) is a joint disease char-
acterized by pain and disability. Structural
changes like articular cartilage damage, osteo-
phyte formation, and subchondral bone
changes are assumed to underlie, at least in
part, these symptoms.1,2 OA diagnosis is prima-
rily based on clinical complaints, excluding
other underlying pathologies, and is confirmed
by radiography.3 Despite the discrepancy
between radiographic and clinical OA,4 radi-
ographic changes are recognized as an impor-
tant feature in progression of disease.
Although new imaging techniques such as
magnetic resonance imaging have clear
advantages in research settings, radiographs
are still the gold standard in clinical practice
for demonstrating structural changes.5,6

More thorough evaluation of radiographs
might identify parameters of OA that are
important in onset and progression of disease
and might enable more consistent disease def-
inition in clinical diagnosis and follow-up.
Commonly the severity of radiographic OA of
the knee is qualitatively evaluated by Kellgren
& Lawrence (K&L) grading.7 With K&L grad-
ing, a combination of structural changes is
assumed to occur in a certain order. Evaluation
of progression of distinct radiographic param-
eters might have additional value and might
enable the identification of subpopulations
(different phenotypes) of OA (e.g. those with
primary cartilage damage compared to those
with primary bone changes), in a way that is
easily applicable in clinical practice.
Qualitative grading of distinct radiographic
parameters is possible by use of the Altman
atlas.8 A drawback of this method is that (ordi-
nal) grading is rough and it is generally appre-
ciated that radiographic changes take up to
one or two years to become evident.9,10

Specifically, structural changes early in the
disease process, when treatment (tailored to
specific phenotypes) may have the best chance
of success, are difficult to track by qualitative
grading methods. Quantitative measurement
aims at more precise measurement and high-
er sensitivity to change. By measuring joint
space width, which is already frequently
applied,11,12 changes were detected more easily
than when qualitative grading was used.13,14

Whether quantitative measurement allows for
the detection of small differences for other dis-
tinct parameters, like osteophytes and bone

density, has not been studied. 
Therefore, the objective of the present study

is to evaluate whether quantitative measure-
ments by use of Knee Images Digital Analysis
(KIDA) results in a higher sensitivity for radi-
ographic changes (during two-year follow-up)
than qualitative grading by the Altman atlas.15

Participants with early signs related to OA are
evaluated for the distinct radiographic param-
eters joint space narrowing,11 osteophyte for-
mation, and subchondral bone density in the
separate knee joint compartments.  
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Materials and Methods

Study design and participants
CHECK is a prospective ten-year follow-up

study on OA initiated by the Dutch Arthritis
Association. Individuals (n=1002) with pain
and/or stiffness of hip and/or knee, age 45-65
years, and without a previous visit or with a
first visit no longer than six months ago to the
general practitioner for these complaints, were
included in 10 participating hospitals in the
Netherlands (CHECK details).16 The study was
approved by the medical ethics committees of
all participating hospitals and all participants
gave their written informed consent according
to the Helsinki declaration.

Radiographic procedures
Knee radiographs of all participants were

acquired in each hospital by different techni-
cians according to a predefined protocol.
Posteroanterior weight bearing semiflexed
views were taken of both knees separately
without fluoroscopy according to Buckland-
Wright.17,18 Technicians were trained for imple-
mentation of the protocol and regular quality
visits on compliance were performed by an
overall coordinator and, if needed, procedures
were corrected to the original protocol. For the
present study the baseline and two-year follow-
up radiographs of all knees that were indicated
as painful at baseline were evaluated, result-
ing in a total of 1082 knees. The actual number
of analyzed knees can be lower for each of the
parameters since KIDA measurement and
Altman grading could be hampered by radi-
ographic quality, e.g. osteophytes could not
always be thoroughly identified and specifical-
ly bone density measurement required good
contrast (and a clearly visible aluminium step
wedge for KIDA). 

Knee images digital analysis
Parameters of radiographic OA were quanti-

tatively measured on a continuous scale by
KIDA,15 of which a screenshot is depicted in
Figure 1. In short: the joint space width (JSW;
in mm) was determined in the lateral and
medial compartment separately, by calculating
the mean of four predefined locations in each
compartment. The minimum joint space width
was measured as the smallest distance
between femur and tibia. Osteophyte area (in
mm2) was determined at the lateral and medi-
al femur and lateral and medial tibia separate-
ly. Bone density (in mm/Al) was determined in
the femur and tibia separately, and grey values
were normalized by using an aluminum refer-
ence wedge. The values of JSW were expressed
as negative values. This enabled straightfor-
ward evaluation of whether OA progression
occurred in the KIDA parameters, since for all

parameters an increase in size represented an
increase in OA severity. Inter- and intra-
observer variation for KIDA measurements
were proven to be low and all baseline and two-
year follow-up knee radiographs were analyzed
by one experienced observer (M.L.) in random
order unaware of the patient characteristics.15
The intra-observer variation, tested by random
reanalysis of 108 radiographs several months
later, showed strong correlations between two
observations in this study. The Intraclass
Correlation Coefficient (ICC) was 0.73 and
0.95 for lateral and medial JSW, 0.83, 0.83, 0.94,
and 0.78 for osteophyte area at the lateral and
medial femur and lateral and medial tibia, and
0.99 for bone density in the femur and tibia. 

Altman grading
Joint space narrowing, osteophytes, and

subchondral sclerosis (increased bone densi-
ty) were graded qualitatively according to the
Altman atlas which was considered the gold
standard for this study.8 Radiographs from
baseline and two-year follow-up were graded in
pairs with known sequence, by five observers.
In short: joint space narrowing for the medial
and lateral compartment was graded from 0-3,
osteophytes of the medial and lateral compart-
ment of femur and tibia were each graded from
0-3, and subchondral sclerosis (increased bone
density) of femur and tibia were graded as
absent or present (0-1). Inter-observer varia-
tion in a subset of radiographs resulted, as
expected for an ordinal scale, in relatively low
ICC of 0.30 for lateral joint space narrowing,
0.61 for medial joint space narrowing, 0.24 and
0.45 for osteophytes at the lateral and medial
femur, and 0.78 and 0.72 for osteophytes at lat-
eral and medial tibia. 

KIDA measurement and Altman grading
each provided additional but different parame-
ters. To enable comparison, the parameters
that were similar between both methods were
evaluated only.  

Kellgren and Lawrence grade
The severity of OA of the whole knee joint

was also evaluated by K&L grading to obtain an
external standard. The baseline and two-year
follow-up knee radiographs were graded by one
trained observer in pairs with known
sequence. 

Statistical analysis
The sensitivity to change was compared

between KIDA measurement and Altman grad-
ing by calculating the standardized response
mean (SRM).19 Although SRM was originally
not developed as a measure for qualitative
data, a similar application has been reported
before.13 The SRM is defined as the mean
change from baseline to two-year follow-up
divided by the standard deviation (SD) of this
change. For individual knee joints the radi-

ographic change of the distinct KIDA parame-
ters was defined as a change larger than the
smallest detectable difference (SDD) to distin-
guish random error in the measurement from
a real change.20 The SDD is defined by 1.96
times the SD of the difference in repeated
measurement. For this purpose more than 300
knees without any joint damage over two years
was used. Selection was based on an Altman
grade zero at baseline and at two-year follow-
up for all of the individual Altman parameters
in the distinct joint compartments. Data from
the two radiographs of these 300 knee joints
were used to asses the SDD for each of the
KIDA parameters. If the selected knees were
not changing (no real tissue structure change)
over time, the difference between the two
KIDA measurements should on average be
zero (as was the case). 

The percentage of symptomatic knees in
CHECK that demonstrated an actual structural
change on radiographs from baseline to two-
year follow-up was calculated according to
KIDA measurement (based on a change larger
than SDD) and to Altman grading (defined as,
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Figure 1. Screenshot of Knee Images
Digital Analysis (KIDA). The framework
determines the joint dimensions and joint
angle. The smaller circles are used for joint
space width (JSW) and bone density eval-
uation in the lateral and medial femur and
tibia; the shortest distance between each
pair of circles represents JSW. The medium
circles are placed on top of the lateral and
medial eminence; the shortest distance to
the upper horizontal line represents the
eminence height. The larger circles are
used for osteophyte area measurement in
the lateral and medial femur and tibia; the
bone area outside these circles is consid-
ered osteophyte area. The minimum JSW
is determined as the smallest distance
between femur and tibia.
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at least, one grade change) for the distinct
parameters. To evaluate whether the percent-
ages of knees with a progression in OA and
with a decrease in OA severity were signifi-
cantly different between both methods
McNemar tests were used.21 Further, it was
evaluated whether agreement existed between
radiographic change on the distinct parame-
ters according to KIDA measurement and
Altman grading using cross-tabulations and
calculation of kappa values. Agreement was
present when knees were classified similarly
with both methods either as increase,
decrease, or no change in OA severity. 

Results

Baseline characteristics
Among the participants (n=692) with one or

two symptomatic knees at baseline 80% was
female, mean age was 56±5 (SD) years, medi-
an (25-75th percentile) body mass index was 26
(24-28), and median pain intensity (0-10
scale) was 3 (2-5). Note, as intended, that this
cohort concerns an early phase of OA since at
baseline K&L was 0 in 78%, I in 18%, II in 3%,
and III in 0.5% of the 1082 knees. 

Sensitivity to change
Standardized response mean

The standardized response mean (SRM) was
not evidently greater for the separate radi-
ographic parameters of KIDA measurement as
compared to the corresponding parameters of
Altman grading (Table 1). The SRM for KIDA
was largest for medial joint space narrowing
(0.34) and bone density at the tibia (0.36) and
femur (0.23). For Altman grading the SRM was
largest for medial joint space narrowing (0.25)
and for osteophytes at the lateral tibia (0.27),
which were smaller than the largest SRM for
KIDA. According to Cohen’s approach of effect
size, the effect sizes were considered small
(trivial: <0.20, small: 0.20-0.50, moderate: 0.50-
0.80, large: >0.80).22 Lateral joint space narrow-
ing as measured with KIDA was found to
decrease during two-year follow-up, which rep-
resents a widening of the lateral joint space. 

Smallest detectable difference 
for knee images digital analysis
parameters

To define radiographic change in individual
knees, the SDD was determined for the dis-
tinct KIDA parameters. Table 2 depicts for each
KIDA parameter, in the selection of unchanged
knees, the mean and SD at baseline, the mean
difference and the SD of the difference
between baseline and follow-up, and the SDD.
The difference between baseline and follow-up

was around zero on average (indeed no pro-
gression of damage), while SD (and thus
SDD) was quite large. For joint space narrow-
ing the SDD was as expected smallest in the
medial compartment. For osteophytes the SDD
was smallest in the medial femur and for bone
density smallest in the femur.

Radiographic change 
The radiographic change from baseline to

two-year follow-up as measured with KIDA is
depicted by plotting values against the base-
line KIDA value for the parameters medial joint
space narrowing, osteophyte area of the medi-
al tibia, and bone density of the tibia (as repre-
sentatives) in Figure 2A-C. The SDD value is
depicted to illustrate the portion of knees that
changed or remained unchanged. 

Table 3 depicts for all distinct radiographic
parameters of KIDA and Altman the percentage
of knees with an increase (progression) or a
decrease in OA severity during two-year follow-
up. Clearly, evaluating OA early in the disease
process implies that only a small percentage of
knees progressed. An increase in OA severity

was more frequently identified than a decrease
for all distinct Altman parameters, as expected
(paired observation with known sequence).
But also for KIDA parameters (baseline and
two-year follow-up assessment are independ-
ent) an increase in OA severity was more fre-
quently found than a decrease (see also as rep-
resentatives Figure 2A-C), except for the
parameters bone density of the femur and lat-
eral joint space narrowing. The latter is simply
explained by medial compartmental OA that
commonly exists, with wedging of the joint due
to narrowing of the joint space at the medial
side and widening of the joint space at the lat-
eral side (artificially). A decrease in OA sever-
ity was found more frequently with KIDA
measurement than with Altman grading. For
the parameters lateral joint space narrowing,
osteophytes at the lateral and medial femur,
and bone density of femur and tibia, overall
KIDA showed a greater sensitivity to change
than Altman (increase and decrease vs. no
change, all P<0.05). An increase in OA severi-
ty was most commonly found for medial joint
space narrowing, in accordance with the high-
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Table 1. Standardized response mean for knee images digital analyis measurement and
Altman grading. 

KIDA change t2-t0             Altman change t2-t0 
No. knees Mean SD SRM Mean SD SRM

Joint space narrowing
Lateral 1082 -0.26 1.55 0.17 0.03 0.27 0.11 
Medial 1081 0.21 0.63 0.34 0.10 0.39 0.25

Osteophytes
Femur lateral 1042 0.40 2.86 0.14 0.08 0.34 0.24
Femur medial 1035 0.21 2.21 0.09 0.04 0.23 0.18 
Tibia lateral 1037 0.39 2.76 0.14 0.11 0.41 0.27
Tibia medial 1035 0.55 3.10 0.18 0.08 0.40 0.20

Bone density
Femur 732 1.25 5.38 0.23 0.01 0.08 0.12
Tibia 733 2.34 6.59 0.36 0.01 0.11 0.09

KIDA, knee images digital analyis; SRM, standardized response mean; SD, standard deviation; t2, two-year follow-up, t0, baseline.

Table 2. Smallest detectable difference for knee images digital analyis parameters 
in selection of unchanged knees (Altman parameters grade 0).

KIDA difference (t2-t0) 
No. knees Mean SD SDD

Joint space narrowing (mm) 
Lateral 313 -0.19 1.34 2.63
Medial 313 0.19 0.49 0.96

Osteophyte area (mm2)
Femur lateral 301 0.34 2.49 4.89
Femur medial 301 0.04 0.66 1.30
Tibia lateral 301 0.11 1.73 3.39
Tibia medial 301 0.02 2.13 4.17

Bone density (mmAl)
Femur 213 0.48 5.57 10.92
Tibia 213 1.40 6.61 12.96

KIDA, knee images digital analyis; SDD, smallest detectable difference; SD, standard deviation; t2, two-year follow-up, t0, baseline.
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er prevalence of medial (compared to lateral)
compartmental knee OA, which was not signif-
icantly different for both methods (quantita-
tive with KIDA and qualitative with Altman).  

Progression (increase OA) was significantly
(Table 3) more frequently identified with KIDA
measurement than with Altman grading for
osteophytes at the medial femur (10.1% com-
pared to 3.8% of knees) and for bone density of
the femur and tibia. For the parameters lateral
joint space narrowing and osteophytes at the
lateral tibia a greater percentage of knees was
found to increase according to Altman grading
than to KIDA measurement. For the parame-
ters medial joint space narrowing and osteo-
phytes at the lateral femur and medial tibia no
significant difference was found between the
methods. For K&L, in 9.6% of knees an
increase and in 0.1% a decrease in OA severity
was found (K&L data from n=1043 sympto-
matic knees available, paired observation with
known sequence; data not shown). 

Agreement between radiographic
change according to knee images
digital analysis, Altman atlas, and
Kellgren & Lawrence grading

The level of agreement between the classifi-
cation increase, no change, and decrease
according to KIDA and Altman was evaluated;
cross-tabulations are depicted in Table 4. For
all parameters agreement existed in a large
percentage of knees, since most knees were
classified as unchanged according to KIDA
measurement and according to Altman grading
(76% to 94% for the distinct parameters). 

A consequent increase in OA severity
according to both methods was only found in a
small percentage of all knees however (0% to
3%, dependent on the parameter). In a sub-
stantial number of knees disagreement exist-
ed between the methods (6% to 22%; sum of
the values in boxes) e.g. for medial joint space
narrowing (second panel) disagreement exist-
ed in 20% of knees: in 7% of knees an increase
and in 3% a decrease in OA severity was found
with KIDA while Altman grading remained
unchanged, and in 9% of knees an increase
and in 1% of knees a decrease was found with
Altman while KIDA remained unchanged. 

Kappa was calculated for the level of agree-
ment between KIDA measurement and Altman
atlas on the radiographic change (increase, no
change, and decrease in OA severity). For all
parameters slight agreement was found
between both methods. For joint space narrow-
ing at the lateral compartment kappa is 0.06
(95% confidence interval (95%CI): -0.06-0.18
and at the medial compartment kappa is 0.20
(0.12-0.27). For osteophytes at the femur later-
al, femur medial, tibia lateral, and tibia medi-
al, kappa is 0.08 (-0.02-0.19), 0.14 (0.04-0.25),
0.07 (-0.02-0.16), and 0.08 (-0.01-0.17), respec-

tively. For bone density at the femur and tibia,
kappa is -0.01 (-0.26-0.24) and -0.02 
(-0.23-0.19). To enable evaluation of radi-
ographic progression, the sensitivity to detect
change with KIDA measurement and Altman
grading was analyzed in the subgroup of knees
classified as changed according to one or both
methods (data not directly shown; extraction
from Table 4). In this subgroup, as expected

based on Table 4, also only a small percentage
of knees progressed according to both methods
(0-12% for the distinct parameters) and thus
in the largest percentage of knees disagree-
ment existed. Knees were more commonly
defined as either increasing or decreasing in
OA severity with KIDA while remaining
unchanged with Altman grading (4-88%; range
for the distinct parameters) than vice versa
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Figure 2. Knee Images Digital Analysis measurement: a knee change (two-year follow-up
-baseline) plotted against baseline value (each dot depicts a knee) for A) Joint Space
Narrowing Medial (mm) of 1081 knees; B) Osteophyte area Tibia Medial (mm2) of 1035
knees; C) Bone Density Tibia (mmAl) of 733 knees.
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however (11-48%).
Since only slight agreement was found

between KIDA measurement and Altman grad-
ing, it was evaluated whether changes in
either KIDA or Altman were in more agree-
ment with changes in K&L (as an external
standard). Radiographic change of the distinct
KIDA and Altman parameters were compared
with the change according to K&L (one score
for the whole knee). The level of agreement
between KIDA and K&L and between Altman
atlas and K&L was similar (and similar to the
agreement between KIDA and Altman grad-
ing). Agreement existed in 78%-87% (range
for the distinct parameters) for no radiograph-
ic change, 0%-1% for increase in OA severity,
and disagreement existed in 13%-21% of knees
when comparing KIDA and K&L. Similarly,
when comparing Altman atlas with K&L, the
agreement between knees not changing was
79%-91%. The agreement between knees
increasing in OA severity was 0%-2%, and dis-
agreement existed in 9%-19% of all knees.

Discussion

The sensitivity to detect progression of radi-
ographic joint damage is similar for KIDA
measurement and Altman grading when evalu-
ated in knees with early signs related to
osteoarthritis. Only in a small percentage of
knees a radiographic change is identified with
any of the methods. The SRM is small using
KIDA measurement and Altman grading and
only a limited level of agreement exists
between the two methods. 

Importantly, although both KIDA measure-
ment and Altman grading are relatively fast
methods for the evaluation of distinct OA
parameters and are applicable in clinical trials,
the approach to evaluate radiographic change is
substantially different. Altman grading was per-
formed on paired radiographs with known
sequence. In this evaluation method, changes
in radiographic parameters are commonly not
graded for decrease in OA severity since an
increase in OA severity is anticipated.23 The
effect on lateral and medial joint space narrow-
ing demonstrates this clearly. In contrast, the
mathematical approach of KIDA enables precise
measurement of radiographic parameters and
both increase and decrease in OA severity can
be measured since the observer is blinded for
sequence. For example, according to KIDA
measurement in a greater percentage of knees
the joint space at the lateral compartment was
found to increase (i.e. decrease OA severity)
rather than to decrease. This can be explained
by a change in knee joint alignment due to
medial joint space narrowing causing widening
of the lateral joint space. In contrast to KIDA, an
increase in joint space was not graded using the
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Table 3. Percentage of knees with OA increase or decrease between baseline and two-year
follow-up defined according to knee images digital analyis measurement and Altman
grading.

Increase OA Decrease OA 
No. knees KIDA Altman KIDA Altman

Joint space narrowing
Lateral 1082 2.6%* 4.3%* 7.5%* 1.1%*
Medial 1081 9.5% 11.5% 3.5% 2.2%

Osteophytes
Femur lateral 1042 6.2% 7.4% 4.7%* 0.6%* 
Femur medial 1035 10.1%* 3.8%* 5.8%* 0.4%* 
Tibia lateral 1037 7.8%* 12.1%* 4.1%* 1.8%*
Tibia medial 1035 9.7% 10.1% 4.2% 2.7%

Bone density
Femur 732 2.2%* 0.7%* 2.9%* 0.0% *
Tibia 732 5.3%* 1.2%* 1.8%* 0.0%*

OA, osteoarthritis; KIDA, knee images digital analyis.  * Number of knees with increase or decrease significantly different (McNemar
P<0.05) between KIDA measurement and Altman grading.

Table 4. Agreement between knee images digital analyis and Altman grading in radi-
ographic change (two-year follow-up baseline).

Increase OA No change Decrease OA  
(n) % (n) % (n) %

Joint space narrowing KIDA / Altman

Lateral (1082 knees)
Increase OA (5) 0%* (23) 2% (0) 0%
No change  (40) 4% (923) 86%* (10) 1%
Decrease OA (1) 0% (78) 7% (2) 0%*

Medial (1081 knees)
Increase OA (29) 3%* (71) 7% (3) 0%
No change  (91) 9% (833) 77%* (16) 1%
Decrease OA  (4) 0% (29) 3% (5) 0%*

Osteophytes KIDA / Altman

Femur Lateral (1042 knees)
Increase OA (16) 2%* (49) 4% (0) 0%
No change (58) 6% (864) 83%* (6) 1%
Decrease OA (3) 0% (46) 4% (0) 0%*

Femur Medial (1035 knees)
Increase OA (15) 1%* (90) 9% (0) 0%
No change (18) 2% (850) 82%* (2) 0%
Decrease OA (6) 1% (52) 5% (2) 0%*

Tibia Lateral (1037)
Increase OA (20) 2%* (60) 6% (1) 0%
No change (101) 10% (796) 77%* (17) 2%
Decrease OA (4) 0% (37) 3% (1) 0%*

Tibia Medial (1035)
Increase OA (21) 2%* (78) 8% (1) 0%
No change (82) 8% (785) 76%* (25) 2%
Decrease OA (2) 0% (39) 4% (2) 0%*

Bone density KIDA / Altman

Femur (732 knees)
Increase OA (0) 0%* (16) 2% (0) 0%
No change (5) 1% (690) 94%* (0) 0%
Decrease OA (0) 0% (21) 3% (0) 0%*

Tibia (733 knees)
Increase OA (0) 0%* (39) 5% (0) 0%
No change (9) 1% (672) 92%* (0) 0%
Decrease OA (0) 0% (12) 2% (0) 0%*

%: percentage of available knees per parameter. *Agreement between knee images digital analyis and Altman grading.
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Altman atlas since definition of this method is
aimed on evaluating a decrease in joint space,
and an increase was not anticipated. 

The detection of radiographic change using
KIDA measurement might have been hindered
by the selection of knees for SDD calculation.
Although Altman grades remained zero for all
parameters, subtle radiographic changes
might have occurred in these selected knees
during follow-up. The differences between the
baseline and follow-up KIDA measurement
were on average around zero but all differ-
ences had the direction as expected with pro-
gression of disease (minimal increase in OA
for all parameters, except for lateral joint
space). This might have resulted in an overes-
timation of the SDD and thus the identifica-
tion of radiographic change according to KIDA

in a lower percentage of knees which underes-
timates the sensitivity to change. On the other
hand, SDD might have been underestimated in
the subgroup of radiographs with Altman grade
zero since the (random) error might be greater
if more radiographic damage exists. 

Importantly, differences between baseline
and follow-up radiographs due to the radi-
ographic acquisition and differences in knee
joint position are likely to introduce variation
in the objective measurement of KIDA param-
eters.24,25 This is in contrast with subjective
Altman grading in which a certain degree of
variation can be taken into account in case of
sequential scoring. Already slight differences
introduce variation independent of the actual
radiographic change in the KIDA measure-
ment which enlarges the calculated SDD and

can result in false positive or negative change
scores which is illustrated in Figure 3A-D.
When the change in a specific radiographic
parameter larger than the SDD is measured,
this is considered an actual change. However,
for smaller changes in radiographic measure-
ments it is uncertain whether this is a real
change or whether this is due to the random
measurement error (partly) due to variations
in knee positioning. Furthermore, as seen in
Figure 2A-C regression to the mean occurred,
with a smaller value at t0 being related to a
larger value at t2 (and larger change) and vice
versa, which emphasizes the difficulty with
reproducible positioning. For example, when
the t0 radiographs are acquired with more flex-
ion than according to the protocol, it is likely
that the knee will be more extended (in the
position according to protocol) during acquisi-
tion at t2; which relates to changes in apparent
JSW due to acquisition flaws and not to carti-
lage thickness changes. The substantial per-
centage of knees (4.1% to 5.8%) in which a
decrease in osteophyte area was found during
follow-up was probably also due to this difficul-
ty with radiographic positioning. On the other
hand, it can not be ruled out that decreases in
osteophyte area actually occur, specifically
early in the disease, as this was never studied.
Irrespectively, to have advantage of the highly
reproducible quantitative analyses, quality of
acquisition appears to be of major importance
for clinical application of KIDA in longitudinal
radiographic evaluation. For future studies it
might be worthwhile to identify pairs of radi-
ographs with reproducible knee positioning
during acquisition. However, this might result
in only a small portion of radiographic pairs
with good knee joint alignment, even in stud-
ies with standardized protocols for image
acquisition.26 Misclassification of radiographic
change due to (random) error in the baseline
and follow-up measurement, which is a diffi-
culty in all measurement methods, probably
explains part of the disagreement between
KIDA measurement and Altman grading. For
Altman grading reproducibility is relatively low
when compared to KIDA. The difficulty with
defining radiographic change is supported by
similar percentages of radiographic change
and lack of agreement with K&L as an external
standard (both when compared to Altman grad-
ing and KIDA measurement). Also for K&L
grading reproducibility is relatively low (ICC:
0.67 to 0.85 for 60 CHECK radiographs).

Importantly, in the present study, radi-
ographic parameters of OA were evaluated in
participants with early signs of knee OA. In
these knee joints, painful at baseline, only a
small percentage of knees changed and the
absolute changes were small. In fact, only little
increase in OA severity was found for bone
density since this parameter is expected not to
be profound early in the disease. The value of
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Figure 3. Examples of disagreement between KIDA measurement and Altman grading due
to radiographic position. Evaluation of change in medial JSN from baseline (A, C) to two-
year follow-up (B, D). A-B) osteoarthritis increase according to Altman and no change
according to KIDA; C-D) no change according to Altman and osteoarthritis increase
according to KIDA.
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quantitative measurement of separate param-
eters with KIDA might prove of additional
value when evaluated further in the OA
process and in case of more reproducible
image acquisition. As such, subpopulations of
OA with higher risk for OA progression might
be identified slightly earlier in the disease.27

Irrespective of the method used evaluation of
distinct parameters might enable the identifi-
cation of (independent) progression of specif-
ic radiographic features. 
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