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Performance of knee image digital analysis of radiographs of patients
with end-stage knee osteoarthritis
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s u m m a r y

Objective: Knee Image Digital Analysis (KIDA) is standardized radiographic analysis software for
measuring osteoarthritis (OA) characteristics. It was validated in mild OA, but used for severe OA as well.
The current goal was to evaluate the performance of KIDA in severe OA.
Design: Of 103 patients, standardized radiographs were performed before and one and 2 years after
treatment for severe OA. All radiographs were evaluated on subchondral bone density, joint space width
(JSW), osteophytes, eminence height, and joint angle, twice within years by the same observer. Part of
the radiographs were randomly selected for reevaluation twice within 1 month and evaluation by
another observer. The intraclass correlation coefficient (ICC), smallest detectable difference (SDD) and
coefficient of variation (CV) were calculated; the SDD and CV were compared to those in mild OA. The
relation of severity with KIDA parameters and with observer differences was calculated with linear
regression.
Results: Intra-observer ICCs were higher in the 98 severe radiographs reanalyzed within 1 month (all
>0.8) than the 293 reanalyzed within years (all >0.5; most >0.8) and than inter-observer ICCs (all >0.7).
SDDs and CVs were smaller when reanalyzed within a month and comparable to those in mild OA. Some
parameters showed bias between readings. Severity showed significant relation with osteophytes and
JSW parameters, and with the observer variation in these parameters (all P < 0.04).
Conclusions: KIDA is a well-performing tool also for severe OA. In order to decrease variability and SDDs,
images should be analyzed in a limited time frame and randomized order.
© 2021 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Osteoarthritis (OA) is a degenerative joint disease characterized
by structural changes like cartilage degeneration, osteophyte for-
mation, and subchondral bone changes1. In knee OA, these char-
acteristics are usually evaluated on weight-bearing anterio-
posterior or postero-anterior (PA) radiographs2. Although the use of
imaging techniques like MRI is increasing, radiography remains the
primary technique for the diagnosis and monitoring of knee OA.
With the exception of joint space width (JSW) as a surrogate
measure of cartilage thickness, radiography-based knee OA
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characteristics are most often evaluated using a grading system,
such as the Kellgren & Lawrence (K&L) grade and Altman score3,4.
While these grading systems have been validated and proven
useful, stepwise scoring of OA-related parameters makes results
less sensitive to small changes over time. This was one of the main
motivations for the development of the Knee Images Digital Anal-
ysis (KIDA) software in 20085. Using KIDA, individual radiographic
knee OA features of JSW, subchondral bone density, osteophytes,
tibial eminence height, and knee joint angle can be measured
objectively and quantitatively resulting in continuous variables.
The usefulness and validity of the Knee Image Digital Analysis
(KIDA) parameters was initially demonstrated for patients with
relatively mild knee OA, as indicated by their average K&L grade of
1.3, and measurements were shown to distinguish these patients
from healthy controls. Indeed, such distinction in mild OA is key for
early detection of presence and progression of radiographic
changes. Both the inter- and intra-observer variability were proven
to be relatively low, and the smallest detectable difference (SDD)
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for the different parameters showed good results as well5. Since
then, KIDA has been used in many studies, including observational
cohorts with patients with relatively mild knee OA, such as the
CHECK and APPROACH cohorts, but in patients with significantly
more severe OA as well6,7,16e25,8,26e30,9e15. End-stage OA patients
treated with knee joint distraction (KJD) or high tibial osteotomy
(HTO) were evaluated with KIDA before and up to 9 years after
treatment 24,26,31,32. For these end-stage knee OA cases KIDA has not
been evaluated. The goal of the present study was to evaluate the
performance of KIDA in patients with end-stage knee OA.

Methods

Patients

Patients were included from three clinical studies. Twenty pa-
tients with end-stage knee OA, in regular care indicated for total
knee arthroplasty (TKA) and relatively young (age <60 years), were
included in an open prospective study and treated with KJD. In a
randomized controlled trial (RCT), where KJD was compared with
TKA, 20 end-stage knee OA patients indicated for TKAwere treated
with KJD. In a separate RCT, KJD was compared with HTO, and
another 22 and 45 patients indicated for HTOwere treatedwith KJD
or HTO, respectively. For all patients, the K&L grade was deter-
mined before treatment.

All details with regard to inclusion criteria and treatment have
been described in detail previously7,21,22,33. All trials were approved
by the medical ethical review committee of the University Medical
Center Utrecht (protocol numbers 04/086, 10/359/E, and 11/072)
and registered in the Netherlands Trial Register (trial numbers
NL419, NL2680, and NL2761). All patients gave written informed
consent, which included further use of their data for additional
research.

Radiography

Standardized, semi-flexed PA radiographs were performed un-
der full weight bearing according to the BucklandeWright proto-
col34,35. An aluminum step wedge was placed alongside the knee,
against the detector and within the field of exposure, to quantify
bone density and determine the pixel size corrected for possible
magnification. Radiographs were taken pre-treatment (baseline)
and one and 2 years post-treatment.

KIDA analysis

The KIDA analysis method has not changed since the original
publication in 2008.5

First the aluminum step wedge is identified by the user by
indicating the four corners of the wedge, after which the program
automatically draws the outline of the entire wedge and the
different steps (Fig. 1). From this, it calculates the pixel size and the
reference mm aluminum equivalent (mm Al eq) with which sub-
chondral bone density can be expressed. Next, the user places a
framework of four lines around the joint, that touch on the medial
and lateral side of the joint (two longest vertical lines), and on the
distal femur and proximal tibia (horizontal lines; Fig. 1). From these
last two lines, perpendiculars are calculated, four on each area
(medial and lateral femur and tibia) at pre-defined calculated po-
sitions; one circle along each perpendicular can be moved by the
user to place the edge of the circle at the bone-‘cartilage’ interface
(16 smallest circles in Fig. 1). The distance between each pair of
circles is calculated to measure the JSW in mm, at four locations of
the medial and the lateral compartment. These four distances can
be averaged to obtain a mean medial and mean lateral JSW, and all
eight distances can be averaged for a mean JSW of the whole joint,
all in mm. The mean intensity in each circle is calculated as well,
and can be averaged to obtain the subchondral bone density at the
medial and lateral tibia and femur, expressed in mm Al eq.

The height of the medial and lateral tibial eminence is deter-
mined by placing two circles on the top of the eminences; the
program calculates the distance in mm from the bottom of these
circles to the line at the proximal tibia (Fig. 1). Next, the user po-
sitions four circles, one at each corner of the joint, following the
original bone lines (Fig. 1). The user then indicates the outer
osteophyte borders; only the borders within a quadrant (blue/
green lines in Fig. 1) are included. The program then calculates the
osteophyte area in mm2 for each of the four areas (yellow in Fig. 1).
Using the middle eight small circles at the bone-cartilage interface,
a new line is generated for both the bone edges of the femur and
the tibia separately (not displayed in Fig. 1); these two lines are
used to calculate the joint angle in degrees. A negative angle in-
dicates medial joint space narrowing. Lastly, the program gives a
vertical line at the narrowest point between these two lines, within
the joint edges, suggesting the location of the minimum JSW. Since
the bone edges are not fully straight, the user can manually adjust
the lines to indicate the actual minimum JSW (this does not affect
the joint angle). The program then calculates the distance between
the two horizontal lines at the location of the vertical line as a
measure of minimum JSW in mm.

Additional details can be found in the original publication.5

Data collection

Since the first KIDA publication in 2008, all KIDA evaluations
have been performed by the same observer. The radiographs from



Fig. 2
BlandeAltman plots for all 293 available radiographs that were analyzed twice, for (A) the bone density of
the medial tibia in mm aluminum equivalent (mm Al eq) (B) the minimum joint space width in mm and (C) the
osteophyte area of the lateral femur in mm2.
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the three previously performed studies (described under patients)
evaluated in the current analysis were all analyzed for the first time
between 2013 and 2015. More recently (2017e2018) all radio-
graphs at baseline, one and 2 years for these three studies, were
reanalyzed by the same reader. As such, almost all radiographs had
duplicate readings, which could be used for determining the intra-
observer variability and as such for an evaluation KIDA perfor-
mance in these patients with end-stage OA.

Since there were multiple years between the first and second
analysis, which might influence results, 100 of the radiographs
were randomly selected to be evaluated again twice with
maximum 1 month in between. The selection was made randomly
to ensure that the subset was generalizable to the full set of ra-
diographs. These 200 images (100 radiographs analyzed twice)
were randomly ordered and divided in four batches of 50; every
Parameter Mean ± SD Mean D SD D

Bone density (all in mm Al eq)
Femur mean lateral 33.0 ± 4.6 �0.05 0.31
Femur mean medial 37.3 ± 5.1 0.17 0.33
Tibia mean lateral 33.7 ± 5.2 �0.59 1.41
Tibia mean medial 38.6 ± 5.0 0.32 0.50
JSW (all in mm)
Mean 5.2 ± 1.1 0.37 0.59
Mean lateral 7.7 ± 1.9 0.66 1.03
Mean medial 2.7 ± 1.7 0.09 0.39
Minimum 1.0 ± 1.1 �0.18 0.45
Osteophytes (all in mm2)
Femur lateral 7.6 ± 7.5 3.32 5.26
Femur medial 7.1 ± 8.0 5.44 6.84
Tibia lateral 10.0 ± 10.0 2.49 4.77
Tibia medial 7.6 ± 5.9 2.46 6.24
Other (mm, mm, degrees)
Eminence lateral 12.5 ± 2.3 0.59 1.13
Eminence medial 13.3 ± 1.8 0.30 0.94
Joint angle �6.1 ± 3.4 �0.66 1.19

ICC ¼ intraclass correlation coefficient; Mean ± standard deviation (SD) ¼ mean and SD
radiographs; SD ¼ standard deviation of mean differences between the two observati
vations; SDD ¼ smallest detectable difference (1.96*SD of mean differences between

Table I Intra-observer results for all severe radiographs reanaly
week one batch was analyzed by the same observer (MM) blinded
to patient characteristics. This data set was additionally used to
make a comparison with the dataset from the original KIDA pub-
lication, which consisted of mild OA patients with duplicate read-
ings with limited timespan in between both readings5. Moreover,
the relevance of the in-between reading time, months versus years,
could be evaluated.

Inter-observer variability analyses was performed as well. The
sample size for this analyses was calculated using the lowest
intraclass correlation coefficient (ICC) of the intra-observer exper-
iments where images were analyzed twice within a month, a pre-
cision of 0.1, a confidence level of 95%, and 2 raters. The resulting
number of images was taken from the radiographs that were
analyzed twice within a month by the first observer, and analyzed
by a second observer as well.
95%CI D SDD ICC 95%CI ICC

�0.09e�0.02 0.61 0.998 0.997e0.998
0.13e0.21 0.65 0.997 0.995e0.998
�0.75e�0.43 2.76 0.958 0.931e0.972
0.26e0.38 0.98 0.993 0.981e0.997

0.30e0.44 1.16 0.821 0.616e0.901
0.54e0.77 2.02 0.816 0.604e0.899
0.04e0.13 0.76 0.973 0.965e0.979
�0.23e�0.13 0.88 0.915 0.870e0.942

2.72e3.93 10.31 0.716 0.459e0.833
4.66e6.23 13.41 0.579 0.184e0.764
1.94e3.03 9.35 0.867 0.755e0.919
1.74e3.18 12.23 0.532 0.396e0.637

0.46e0.72 2.21 0.864 0.752e0.917
0.19e0.41 1.84 0.860 0.809e0.895
�0.80e0.52 2.33 0.924 0.842e0.957

of all radiographs; mean D ¼ mean difference between the two observations of all
ons; 95%CI ¼ 95% confidence interval of mean differences between the two obser-
the two observations); mm Al eq ¼ minimum aluminum equivalent.

zed within a large period of time Osteoarthritis
andCartilage
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Parameter Mean ± SD Mean D SD D 95%CI D SDD ICC 95%CI ICC

Bone density (all in mm Al eq)
Femur mean lateral 32.6 ± 4.4 0.02 0.21 �0.02e0.06 0.41 0.999 0.998e0.999
Femur mean medial 36.8 ± 5.1 0.02 0.23 �0.02e0.07 0.45 0.999 0.999e0.999
Tibia mean lateral 32.9 ± 5.2 �0.16 1.20 �0.40e0.08 2.35 0.973 0.960e0.982
Tibia mean medial 38.2 ± 5.2 0.10 0.35 0.03e0.17 0.69 0.998 0.996e0.998
JSW (all in mm)
Mean 5.3 ± 1.1 0.07 0.39 �0.01e0.15 0.76 0.935 0.904e0.956
Mean lateral 7.7 ± 1.9 0.17 0.73 0.03e0.32 1.43 0.923 0.885e0.948
Mean medial 2.9 ± 1.8 �0.03 0.24 �0.08e0.02 0.47 0.992 0.987e0.994
Minimum 1.0 ± 1.2 �0.04 0.31 �0.10e0.02 0.61 0.965 0.948e0.976
Osteophytes (all in mm2)
Femur lateral 8.6 ± 7.3 0.80 2.73 0.25e1.34 5.35 0.928 0.890e0.953
Femur medial 11.1 ± 9.1 2.04 5.69 0.90e3.18 11.15 0.806 0.702e0.873
Tibia lateral 11.8 ± 12.2 0.77 5.90 �0.41e1.95 11.56 0.889 0.838e0.924
Tibia medial 8.5 ± 7.4 0.01 5.58 �1.11e1.13 10.94 0.751 0.649e0.826
Other (mm, mm, degrees)
Eminence lateral 12.7 ± 2.5 0.17 1.14 �0.06e0.39 2.23 0.901 0.856e0.933
Eminence medial 13.3 ± 1.8 0.06 0.89 �0.12e0.24 1.74 0.891 0.842e0.926
Joint angle �6.0 ± 3.6 �0.28 0.96 �0.47e�0.08 1.88 0.962 0.941e0.975

ICC ¼ intraclass correlation coefficient; Mean ± standard deviation (SD) ¼ mean and SD of all radiographs; mean D ¼ mean difference between the two observations of all
radiographs; SD ¼ standard deviation of mean differences between the two observations; 95%CI ¼ 95% confidence interval of mean differences between the two obser-
vations; SDD ¼ smallest detectable difference (1.96*SD of mean differences between the two observations); mm Al eq ¼ minimum aluminum equivalent.

Table II Intra-observer results for severe radiographs reanalyzed within 1 month Osteoarthritis
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Statistical analysis

The intra-observer variability was calculated for the two groups
of end-stage radiographs separately: the total group with radio-
graphs analyzed with a larger and varying time period (years) be-
tween two observations, and the 100 radiographs analyzed within
1 month.

The intra-observer variation was, for all KIDA parameters
separately, displayed with BlandeAltman plots in which the dif-
ference between the first and second result was plotted against the
mean of the two observations36. The mean and standard deviation
(SD) of all measurements were calculated, as were the mean, SD
and 95% confidence interval (95%CI) of the differences between the
duplicate readings; the SDD was defined as 1.96 times the SD of the
differences. The ICCwas calculated for single measures using a two-
way random model with absolute agreement. ICCs were
Fig. 3
BlandeAltman plots the 98 radiographs that were analyzed
the medial tibia in mm aluminum equivalent (mm Al eq) (B) t
osteophyte area of the lateral femur in mm2.
interpreted according to the definitions of Koo and Li: an ICC <0.50
was considered poor, 0.50 < ICC >0.75 was moderate, 0.75 < ICC
>0.90 was good, and ICC >0.90 was excellent.37

The mean, SD (of the difference), and SDD were compared
between the three groups of radiographs: total group with severe
OA radiographs analyzed with a larger period between two ob-
servations, the 100 severe OA radiographs analyzed within 1
month, and the results from the mild OA patients from the original
publication. Since the SD and with that the SDD may depend on
the mean absolute values which may influence the comparison of
these absolute values between mild and severe OA patients, the
coefficient of variation (CV), a measure expressing variability
relatively to the average value of the measurements, was calcu-
lated as well, by dividing the SD of the differences between ob-
servations by the mean value of both observations and multiplying
that by 100 (%).
twice within a month, for (A) the bone density of
he minimum joint space width in mm and (C) the Osteoarthritis

andCartilage
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To compare KIDA parameters with the most frequently used
grading system for OA, individual KIDA parameters were compared
to the overall K&L grade. This was done using separate linear
regression models, using only one (the most recent) analysis result
for each of the radiographs analyzed within years.

As an additional explorative analysis, the influence of the mean
of the measurements (of the two observations) and K&L grade
(separately, as measure for severity) on the absolute intra-observer
difference between two measurements was analyzed for all pa-
rameters. For this, linear regression was used on the data of severe
OA patients re-analyzed within 1 month (to ensure that results will
not be biased by a long period of time between analyses); a p-value
<0.05 was considered statistically significant.

For the inter-observer variability, the ICC and mean difference
with 95%CI were calculated for the results of the second observer
compared with both the first and second analysis of the first
observer separately. The influenceof themeanvalues andK&L grade
on the absolute inter-observer differences was analyzed as well.

Results

Patients

In total, 293 radiographs with double KIDA readings were
available, taken at baseline (n¼ 103),1-year follow-up (n¼ 98), and
2 year follow-up (n ¼ 92). The radiographs were taken of 103
different patients, of whom 61 were treated with KJD and 42 with
HTO. The mean K&L grade of the images was 2.7. The median time
Parameter Mean SDD

Severe OA
n ¼ 293

Severe OA 1 month
n ¼ 98

Mild OA
n ¼ 55

Severe OA
n ¼ 293

Se
n

Bone density (all in mm Al eq)
Femur mean

lateral
33.0 32.6 28.6 0.61 0.

Femur mean
medial

37.3 36.8 29.8 0.65 0.

Tibia mean
lateral

33.7 32.9 29.6 2.76 2.

Tibia mean
medial

38.6 38.2 31.3 0.98 0.

JSW (all in mm)
Mean 5.2 5.3 5.1 1.16 0.
Mean lateral 7.7 7.7 6.1 2.02 1.
Mean medial 2.7 2.9 4.2 0.76 0.
Minimum 1.0 1.0 2.8 0.88 0.
Osteophytes (all in mm2)
Femur lateral 7.6 8.6 5.4 10.31 5.
Femur medial 7.1 11.1 3.7 13.41 11
Tibia lateral 10.0 11.8 6.4 9.35 11
Tibia medial 7.6 8.5 9.9 12.23 10
Other (mm, mm, degrees)
Eminence

lateral
12.5 12.7 10.0 2.21 2.

Eminence
medial

13.3 13.3 11.6 1.84 1.

Joint angle* 6.4 6.3 3.0 2.35 1.

SDD ¼ smallest detectable difference (1.96*standard deviation of mean differences bet
differences between observations divided by the mean value of both observations and

* The joint angle here was defined as the absolute value (negative angles as a resul
original publication.

Table III Intra-observer results for the three groups
difference between the first and second analysis was 50 months
(interquartile range 39e52 months).

Of the 100 radiographs that were reanalyzed within 1 month,
for two radiographs the process of randomization was not correct
and, as a result, they were not included for analysis twice. As such,
these were excluded, and double analysis results within 1 month
were available for a total of 98 radiographs. These were images of
patients treated with KJD (n ¼ 56) and HTO (n ¼ 42) and taken at
baseline (n ¼ 37), 1 year (n ¼ 29) and 2 years (n ¼ 32). The average
K&L grade was 2.6.

Intra-observer results for all end-stage radiographs reanalyzed
within a large period of time.

The BlandeAltman plots for three relevant example parameters
evaluated in all 293 radiographs are shown in Fig. 2. Plots for all
other parameters of these patients can be found in Supplementary
Figs. S1e5.

All bone densities [Fig. 2(A) and S1], eminence height (Fig. S4),
and joint angle (Fig. S5) plots did not show large systematic dif-
ferences between the two readings. However, the minimum JSW
[Fig. 2(B) and S2] and osteophyte plots [Fig. 2(C) and S3] showed a
floor effect, where measurements resulted in 0 in one analysis, but
not in the other (as indicated by the straight line of dots starting
from around 0).

The ICC, mean and SD of all measurements, mean of the dif-
ferences between two analysis moments, SD and 95%CI of the dif-
ference, and the SDD are shown in Table I for all parameters. The
CV (%)

vere OA 1 month
¼ 98

Mild OA
n ¼ 55

Severe OA
n ¼ 293

Severe OA 1 month
n ¼ 98

Mild OA
n ¼ 55

41 1.08 0.9 0.6 1.9

45 0.84 0.9 0.6 1.4

35 1.06 4.2 3.6 1.8

69 0.84 1.3 0.9 1.4

76 0.86 11.3 7.4 8.6
43 1.53 13.4 9.5 12.8
47 0.67 14.4 8.3 8.1
61 0.49 45.0 31.0 8.9

35 6.78 69.2 31.7 64.1
.15 3.21 96.3 51.3 44.3
.56 8.06 47.7 50.0 64.2
.94 4.63 82.1 65.6 23.8

23 2.47 9.0 9.0 12.6

74 1.92 7.1 6.7 8.4

86 2.02 18.8 15.1 34.3

ween the two observations); CV ¼ coefficient of variation (standard deviation of the
multiplied that by 100); mm Al eq ¼ minimum aluminum equivalent.

t of medial JSW narrowing were taken as a positive value), as this was done in the

Osteoarthritis
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ICCs in most cases were good-excellent and the differences (D), SD
and SDD were small compared to the overall means. However, the
osteophyte ICCs were moderate (except for the lateral tibia with a
good ICC) and the differences and SDDs were relatively high
compared to the mean values. Furthermore, all parameters showed
a systematic difference (bias) between readings, as indicated by the
95%CI of the difference. The direction of this bias differed and,
except for osteophytes, was small relative to the absolute value.
Intra-observer results for end-stage radiographs reanalyzed within
1 month.

The BlandeAltman plots for the same set of three parameters as
shown in Fig. 2, but evaluated in the 98 radiographs that were
reanalyzed within a month, are shown in Fig. 3. All other plots for
these 98 radiographs can be found in Supplementary Figs. S6e10.
For these analyses, none of the plots showed a meaningful floor
effect between the two readings.

The analysis parameters for these radiographs are shown in
Table II. The ICCs were excellent for most parameters, for four pa-
rameters the ICC was good, three of them being osteophyte pa-
rameters. Again, in most cases, differences (D), SD and SDD were
small compared to the overall means for all parameters, although
not for the osteophytes. Clearly fewer parameters showed signifi-
cant bias in these analyses compared to the radiographs analyzed
twice in a larger period of time, as indicated by the 95% CI of the
differences. Similar to the observed bias for comparisons over the
longer time period, the tibia medial bone density, femoral osteo-
phytes, and mean lateral JSW showed significant positive bias (i.e.,
higher scores in the second measurement), while the joint angle
showed negative bias.
Parameter B b p-value

Bone density (all in mm Al eq)
Femur mean lateral 0.164 0.034 0.564
Femur mean medial 1.218 0.227 <0.001
Tibia mean lateral 0.314 0.056 0.324
Tibia mean medial 0.608 0.113 0.053
JSW (all in mm)
Mean �0.173 �0.142 0.015
Mean lateral �0.049 �0.023 0.697
Mean medial �0.298 �0.163 0.005
Minimum �0.299 �0.247 <0.001
Osteophytes (all in mm2)
Femur lateral 2.995 0.340 <0.001
Femur medial 4.917 0.488 <0.001
Tibia lateral 4.677 0.402 <0.001
Tibia medial 2.325 0.325 <0.001
Other (mm, mm, degrees)
Eminence lateral 0.097 0.038 0.520
Eminence medial �0.016 �0.008 0.891
Comparison of intra-observer results in all three groups

The mean of the parameters, the SD of the differences, the SDD
and CV are shown for the three groups (all 293 radiographs with
severe OA reanalyzed within a large period of time, the 98 radio-
graphs with severe OA reanalyzed within 1 month, and 55 radio-
graphs with mild OA from the original publication analyzed within
1 month) in Table III. Besides increasing the ICC (comparing Tables I
and II), reanalyzing the severe OA radiographs within 1 month
seemed to decrease the SDD and CV for almost all parameters.
Furthermore, the SDD and CV for severe OA patients analyzed
within 1 month were comparable to and often even better than
those for mild OA patients for most parameters. Compared to mild
OA, the SDD for severe OA was especially high for osteophyte pa-
rameters, although the CV, which corrects the SD for the mean
overall values, was more comparable. For the tibia lateral bone
density, the difference remained high in SDD and CV.

Obviously, but importantly, all variables differed between mild
and the severe OA in the expected direction, severe patients having
a higher bone density, a smaller JSW, larger osteophytes, and higher
eminetia.
Joint angle �0.358 �0.096 0.100

B ¼ unstandardized coefficient; b ¼ standardized coefficient; mm Al
eq ¼ minimum aluminum equivalent.
Separate linear regression models were used for all different parameters.

Table IV
Relation between KIDA pa-
rameters and Kellgren
eLawrence grade

Osteoarthritis
andCartilage
Comparison with KellgreneLawrence grade

The relation between all individual KIDA parameters and K&L-
grade are shown in Table IV. A smaller JSW and especially higher
osteophytes were significantly associated with a higher K&L-grade,
as would be expected. A higher bone density in the medial femur
showed a significant positive relation with K&L-grade as well.
Influence of severity on intra-observer difference

The influence of the mean values and K&L grade, both as a
measure of severity, on the differences between measurements of
severe radiographs reanalyzed within 1 month are shown in
Table V. Both medial osteophyte parameters and the lateral tibia
osteophytes showed a statistically significant influence of the mean
values and of the K&L grade (all P < 0.02); more severe OA (higher
values) corresponded with a larger difference between measure-
ments. Additionally, the tibia medial bone density and minimum
JSW showed a significant positive influence of their mean values
(both P < 0.03), but not K&L grade (both P > 0.32).
Inter-observer results

The predetermined sample size was 75. The inter-observer
results are summarized in Supplementary Table S1, and show
only slightly lower ICCs compared to the intra-observer results in
the overlapping sample of the images reanalyzed within 1 month
(Table II). However, most parameters show a systematic differ-
ence between the results of the second observer and both the
first and second analysis of the first observer, and somewhat
larger absolute mean differences between the analyses compared
to the intra-observer differences. The SDs of the differences were
also larger than those of the intra-observer analyses, which was
the case for the mild OA patients as described in the original KIDA
article as well. Especially minimum JSW and osteophyte size
showed a dependency of the mean absolute difference between
readings on the mean value and K&L grade (Supplementary
Table S2), as was the case for the intra-observer results. However,
for the osteophytes, more severe OA seemed to result in less in-
ter-observer variation.



Mean value KellgreneLawrence grade

Parameter B b P-value B b P-value

Bone density (all in mm Al eq)
Femur mean lateral 0.002 0.078 0.443 0.024 0.176 0.083
Femur mean medial 0.006 0.186 0.066 �0.013 �0.081 0.427
Tibia mean lateral 0.032 0.159 0.118 �0.060 �0.057 0.575
Tibia mean medial 0.011 0.223 0.021 0.025 0.100 0.326
JSW (all in mm)
Mean �0.028 �0.098 0.336 �0.025 �0.081 0.428
Mean lateral 0.011 0.032 0.755 �0.066 �0.104 0.309
Mean medial �0.006 �0.067 0.515 0.016 0.093 0.365
Minimum 0.070 0.314 0.002 0.008 0.029 0.778
Osteophytes (all in mm2)
Femur lateral 0.050 0.173 0.089 0.156 0.072 0.479
Femur medial 0.130 0.244 0.016 1.340 0.271 0.007
Tibia lateral 0.257 0.577 <0.001 1.783 0.325 0.001
Tibia medial 0.393 0.606 <0.001 1.375 0.285 0.004
Other (mm, mm, degrees)
Eminence lateral 0.043 0.114 0.264 0.134 0.141 0.167
Eminence medial 0.021 0.059 0.564 �0.040 �0.059 0.565
Joint angle �0.011 �0.048 0.639 �0.069 �0.084 0.413

B ¼ unstandardized coefficient; b ¼ standardized coefficient; mm Al eq ¼ minimum aluminum equivalent.
Separate linear regression models were used for the mean value and the KellgreneLawrence grade, and for all different parameters. Bold p-values indicate statistical
significance (P<0.05).

Table V Influence of mean values and KellgreneLawrence grade on the intra-observer differences between
measurements for severe radiographs analyzed within 1 month

Osteoarthritis
andCartilage
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Discussion

Based on the presented results, KIDA is a useful tool for radio-
graphic analysis of OA characteristics even in patients with severe
OA. Notably (re)analyzing images in a short time period increases
reproducibility (decreases SDDs and CVsand decreases systematic
bias between measurements). This emphasizes the importance of
performing the analyses required for a specific research question
within a limited time period and randomized for time/visit
sequence. Ideally, the images should be analyzed by one observer,
as the analysis bymultiple observers results inmore significant bias
between measurements as well.

The fact that some parameters showed significant differences
between readings, even for the images reanalyzed within 1 month,
can only be speculated on. For these parameters, the direction of
this bias was the same for the images that were analyzed over years
and over months, which implies that the bias is expectedly sys-
tematic and not coincidental (i.e., not because of subtly different
conditions that may unconsciously affect measurement) and that it
is not likely the result of recalling the first reading. For most
consistent biases, the direction was positive. As such, changes over
time for bone density, femoral osteophytes, and lateral JSW might
be overstated when images are analyzed in chronological order of
acquisition over time (visits). However, the bias is small compared
to the mean values and treatment effect observed thus far24,26,31.
Moreover, this bias becomes irrelevant when comparing differ-
ences in changes over time between groups, e.g., treatment arms.
Still, when analyzing changes over time, it is strongly recom-
mended to randomize the order inwhich radiographs are analyzed,
so this bias will not be of relevance.

Although speculative, the systematic bias for bone density and
osteophyte area may be caused by a gradual learning curve of the
observer in identifying the outer and inner boundaries of the
osteophytes and the edges of the bone-cartilage interface (black-to-
white interface on the radiographs). Moving the small circles that
determine JSW and bone density somewhat may not affect JSW
significantly, but if the circle is placed slightly outside the actual
(white) bone area, a small number of pixels could be dark-gray to
black (background) and impact the average gray value. It would be
interesting to repeat the reanalysis within both a short and long
time with one or more different observers in the future, to see
whether similar intra-observer results are found and if the cause of
the systemic bias can be determined. However, finding a definitive
cause may be difficult.

It is remarkable that for many parameters, the SDD was lower
(better) for severe OA patients analyzed within a month in this
study than for mild OA patients from the original publication.
However, the differences are not very large. Again the explanation
may be found in a learning curve by analyzing KIDA images over the
past 12 years. In this case the experience is in favor of the technique
(reproducibility), instead of the time-dependent bias.

The more important conclusion is that for most parameters,
intra-observer variation is similar in severe OA patients compared
to mild OA patients. Medial osteophyte areas seem to be the
exception, and have a much bigger (worse) SDD for severe OA pa-
tients. For both medial osteophytes and lateral tibial osteophytes it
was shown that the intra-observer variation depended on the
osteophyte area, as bigger osteophytes, associated with more se-
vere OA, and a higher K&L grade results in a larger variation be-
tween measurements. This explains why, even if SDDs are not
comparable between patients of different severities, the CVs are (as
they are corrected for the mean osteophyte area). Surprisingly, an
opposite effect was seen for inter-observer results, as larger
osteophytes resulted in smaller differences between observers.
Osteophytes did not only show a relatively high dependence on
mean values, but also on whether the reanalysis was performed
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within a long or short period. All four osteophyte locations showed
a clear floor effect in the complete dataset of 293 radiographs
(Fig. S3), which disappeared for the 98 radiographs reanalyzed
within 1 month (Fig. S8). This may also be explained by a learning
curve, as these osteophytes were not recognized as osteophytes in
the first reading (value 0) but were recognized as osteophytes in the
second reading. Furthermore, while ICC improved for all parame-
ters when reanalyzed within a month (compare Table II with
Table I), this effect was the most notable for the osteophyte mea-
surements. Apparently the osteophytes are the parameters most
sensitive to intra-observer variability. This may be explained by the
fact that the values depend on a calculated area within a manually
delineated boundary, a subjective action sensitive to a learning
curve.

While the minimum JSW SDD is comparable between mild and
severe OA, the CV shows a large difference, because the severe OA
patients show a smaller mean value for minimum JSW. Surpris-
ingly, for minimum JSW, a higher absolute difference between
intra- and inter-observer measurements was significantly associ-
ated with a higher mean values (and thus less severe OA), although
this comparison could have been complicated by the extremely
small values, as a result of a truncation effect (one-sided limitation
at 0) and limitations with respect to pixel size. Nevertheless, also in
these cases, performing the analyses in a short time frame greatly
decreases this variability.

The SDDs calculated in this research indicate the smallest
change that can be interpreted as a real change, as opposed to a
measurement error, with P < 0.05. It is important to note that the
SDDs described in this research are relevant on an individual level.
On a group level, e.g., when evaluating groups of patients before
and after treatment, the group SDD should be calculated by
dividing the SDDs calculated here by the square root of the number
of observations in the group.38,39

Apart from differences between measurements, it was shown
that also in more severe OA, osteophytes and JSW parameters were
significantly associated with K&L grade. As such, as for mild OA,
also for severe OA KIDA is a valid method to evaluate radiographic
characteristics of OA.

In conclusion, while the variability of some parameters may
depend on severity, and without precautions bias may develop,
KIDA has been shown to be a useful tool also in patients with severe
OA. Its use, like most image analyses techniques, needs to be per-
formed with caution. In order to decrease variability and be able to
detect smaller differences, images should be analyzed in a limited
time frame and randomized order.
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