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ABSTRACT. Background and aims: Recent guide-
lines recommend measurement of articular loss over
several years, determined by conventional X-rays, as
the principal outcome measure in clinical trials of po-
tential structure-modifying drugs in osteoarthritis
(OA). The aim of this study was to assess the impact of
the joint space width measurement method on sample
size calculation in knee OA studies. Methods: Stan-
dard knee X-rays were taken in 212 patients with
knee OA at baseline and after 3 years of follow-up.
Mean joint space width (JSW) was measured with an in-
house computer-assisted method. Minimum JSW,
measured with a graduated magnifying lens, was tak-
en as external standard. After calculation of the intra-
and inter-observer reproducibility of the JSW, sensi-
tivity to change was assessed using the standardized re-
sponse mean (SKEM). The number of patients needed to
identify a mean significant difference of 0.5 mm in
Joint space narrowing between the placebo and the
treated group, after 3 years of follow-up, was then cal-
culated. Results: JSW measured with the computer-as-
sisted technique showed better intra- and inter-ob-
server reproducibility than when using the magnifying
lens. JSW values measured with our computer-assist-
ed method were significantly correlated with JSW val-
ues obtained using the magnifying lens (r=0.87,
p<0.001). The SRM were 0.44 and 0.40 for the com-
puter-assisted method and magnifying lens, respec-
tively. The number of patients needed was 131 per
group using the computer-assisted method, and 104 us-
ing the magnifying lens. Conclusions: Our method of
measurement of JSW may be of potential use in lon-
gitudinal studies evaluating the effect of structure-
modifying drugs in OA, due to its high level of preci-

sion and efficiency. However, although sensitivity to
change is markedly better with the digitized method
compared with the graduated magnifying lens, we
recommend the measurement of mean and minimum
JSW in structure-modifying OA trials.

(Aging Clin Exp Res 2003; 15: 136-141)

92003, Editrice Kurtis

INTRODUCTION

Osteoarthritis (OA) is a disease leading to progres-
sive deterioration in the structure and function of synovial
joints (1). The main patient-related outcomes are pain and
disability, which result in an important community health-
care burden. Standard X-rays are still regarded as the most
appropriate tool to identify the anatomical changes in joint
structure leading to the diagnosis of OA (2). Recent
guidelines from regulatory authorities and expert con-
sensus panels recommend the principal outcome measure
in clinical trials of potential structure-modifying drugs in
OA to be measurement of articular loss (joint space nar-
rowing) over several years, determined by conventional X-
rays (3-5). These documents recommend using digital
image analysis to measure both minimum and mean
joint space width (JSW) but no single method is regarded
as the gold standard (6). Such an “ideal” method should
be user-friendly, accurate, reproducible, sensitive to
changes, and efficient. For a prospective study evaluating
a potential structure-modifying drug, high precision and ac-
curacy would allow sample size and consequently the
cost of trials, to be reduced. However, few comparisons
of different methods to assess JSW in long-term prospec-
tive studies have been performed.

The objective of the present paper is to critically assess
a new digital image analysis method measuring the mean
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JSW and joint space area (JSA) from knee X-rays of os-
teoarthritic patients. We therefore measured the analyti-
cal properties of the method and evaluated its ability to de-
tect significant changes in JSW and JSA. We used the
measurement of the minimum joint space width with a

previously validated graduated magnifying lens (7) as ex- -

ternal standard.

METHODS
Patients

The study population, more extensively described else-
where (8), was composed of 212 individuals, of both
sexes. They came from a double-blind, placebo-con-
trolled study evaluating the symptomatic and structural ef-
fects of a structure-modifying drug in knee OA, over a pe-
riod of 3 years. Of these 212 patients, 139 completed the
3-vear study (71/106 in the placebo group, 68/106 in
the treated group). Knee OA was diagnosed according to
the clinical and radiological criteria of the American Col-
lege of Rheumatology (9). Baseline demographics of the
population are listed in Table 1.

Procedures

X-ray acquisition. Standard radiographs were taken
for each knee at baseline and after 3 years. Patients
stood with their knees fully extended, with the posteri-
or aspect of the knees in contact with a vertical cassette
in a cassette holder. The lower limbs were internally ro-
tated until the patella was centralized over the lower end
of the femur. The feet were positioned a small dis-
tance apart. Foot maps were used to reposition pa-

Table 1 - Baseline demographic characteristics of all randomized
patients (N=212).

Women. % 76
Mean (SD) age, years 65.6 (7.7)
Mean (SD) duration of knee OA, years 7.8(7.5)
Mean (SD) body mass index, ka/m? 27.4(2.7)
Smokers, % 20
Mean JSW, mm 5.82 (1.44)
Minimum JSW?, mm 3.89(1.28)
WOMAC index, mm :

Total 985 (480)

Pain 183 (104)

Function 705 (367)

Stiffness 96 (54)
Knee grading. %

0 31.9

1 52.4

2 9.0

3 6.7

@ Medial compartment joint space narrowing item of atlas of Altman et al.

(10).

Joint space width measurement in knee osteoarthritis

Figure 1 - Large grid in measurement of JSW.

tients at the time of subsequent X-rays. The horizontal
X-ray beam was centered on the joint space and paral-
lel to the tibial plateau. Fluoroscopy was used to correct
lower limb positioning and X-ray beam alignment. The
focus film distance was 110 centimeters. There was
one knee for each radiograph.

Joint space measurement - Mean joint space width.
Radiographs were digitized and image analysis was per-
formed according to a new in-house technique. Radio-
graphs were placed on a conventional horizontal light box
and viewed with a high-definition camera. The image was
captured in an Olivetti PC-M300 microcomputer, giving
a spatial resolution of 720x560 pixels with 256 levels of
grey. A millimeter-squared grid was used to assess the
joint space width. This grid was superimposed on the ra-
diographs, and placed with its horizontal axis tangential
to the tibial plateau and its vertical axis centered on the
middle of the edge of the external tibial spine. Two dif-
ferent grids were compared to select the area for calcu-
lation of the mean joint space. The large grid (Fig. 1) used
a box of 2 cm x 1.5 cm, placed on the horizontal axis,
2.5 cm externally from the vertical axis. The small grid
(1.5 cm x 1.5 cm) was placed 3 cm externally from
the vertical axis. The computer mouse was used to iden-
tify the proximal and distal joint limits within the grid and
the outline of the joint. The proximal and distal limits
were not marked before measurement. Then the com-
puter automatically calculated first the joint space area
(JSA) and then the mean joint space width (JSW) of
the medial compartment of the tibio-femoral joint. That
is, the JSW corresponds to the ratio between the JSA
and the length of the inferior proximal and distal limit.

Minimum joint space width. The minimum joint space
width, e.g., the narrowest point of the medial compartment
of the tibio-femoral joint, was assessed by visual determi-
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nation using a 0.1 mm graduated magnifying lens (Peak
Light Scale Lupe 7X), as previously described (7).

All baseline X-rays (N=212) were analyzed following
Altman et al. (10). This method allocated to each X-ray a
global score corresponding to the sum of 13 values,
grading the severity of OA from 0 to 3 for 13 radio-
graphic features. To test the inter- and intra-observer
reproducibility of our computer-assisted JSW measurement
with the different grids, we used ten X-rays graded O
for the medial compartment joint space narrowing item of
the Altman et al. atlas (10), ten graded 1 or 2, and ten
graded 3. Two independent assessors calculated the
JSW and JSA with the LG and SG for each of the 30 ra-
diographs. These measures were repeated, blindly of
the X-ray sequence, after one week. We selected the
grid with the best inter- and intra-observer reproducibili-
ty, to measure the mean JSW of all X-rays taken at
baseline and at the end of the study. For all these radio-
graphs, we also measured the minimum JSW with a
graduated magnifying lens (7).

Statistical analysis

The intra- and inter-observer reproducibility of the
JSW, measured both with digitized image analysis (2
grids) and the graduated magnifying lens, was assessed by
the coefficient of variation (CV), calculated using the
method described in Jonsson et al. (11). To determine the
CV for each modality, means were in fact calculated
across patients for each individual measurement. Individual
patient variances were then calculated by applying the
measurement values of the first and second examina-
tions. A global within-patient standard deviation (SD)
was calculated from the individual patient variances. The
CV was then calculated for each joint measurement by di-
viding the pooled within-patient SD by the cross-patient
mean. An overall CV was then calculated for each modal-
ity by averaging the CV for each individual joint mea-
surement. Similarly, the CV were calculated to assess the
reproducibility of the JSA.

The strength of the association between JSW and
JSA measured with the two grids was quantified using the
Pearson correlation coefficient (PCC). The same coeffi-
cient was also used to quantify the association between
JSW measured by digitized image analysis and by the
graduated magnifying lens.

Receiver Operating Characteristic (ROC) analysis (12)
was used to assess the sensitivity and specificity of the
computer-assisted method, in order to identify a joint
space narrowing of 0.5 mm, assessed with the magnify-
ing lens method.

To evaluate the sensitivity of the two methods (in-
house digital image analysis and magnifying lens) to de-
tect early changes over 3 years, we calculated the stan-
dardized response mean (SRM) in the placebo group
(mean change divided by the SD of the change) (13, 14).
A SRM >0.8 is considered to reflect a high potential to
detect changes. SRM of 0.5 and 0.2 are linked to mod-
erate and low potentials to detect changes, respectively
(15). We also assessed the overall efficiency of each
method by evaluating the number of patients needed, in
order to identify a mean difference of 0.5 mm in joint
space narrowing between the placebo and treated groups.
As proposed by Pocock (16): N = (282 / (L1-12)) x flo,
B) where 8 is the standard deviation in the population at
baseline (1.44 for mean JSW, 1.28 for minimal JSW);
(u1-u2) is the change in the mean response (0.5 mm),
and f(o, B) is a function of o and B errors, with o=0.05
and B=0.2. The arbitrary cut-off of a decrease of at
least 0.5 mm in JSW after 3 years was based on the re-
sults of Lequesne et al. (4) in which a difference of 0.5
mm in joint space narrowing between an active drug and
a comparator was suggested for the calculation of a
sample size in a disease-modifying OA study.

RESULTS

As shown in Table 2, the JSW measured with our in-
house computer-assisted method (large grid) consistently
showed better intra-observer reproducibility than the
magnifying lens. The small grid consistently reduced the
reproducibility of the technique, and this was also the case
for JSA measurement. X-rays with a low Altman grade
(lower severity of OA) were analyzed with better repro-
ducibility than those with a high Altman grade. Similar re-
sults were observed for inter-observer reproducibility
(Table 3). The JSW values measured with our computer-
assisted method were significantly correlated both with the
JSA values (r=0.987, p<0.0001 for the small grid;
r=0.999, p<0.0001 for the large grid) and with JSW val-
ues obtained from analyses using the magnifying lens
(r=0.89, p<0.0001 for the small grid; r=0.87, p<0.001

Table 2 - Intra-observer coefficient of variation (CV) for JSW, expressed in % (SD).

Grade 0 Grade I or I Grade III All patients

(N=10) (N=10) (N=10) (N=30)
Small grid 4.63 (3.27) 3.72 (1.14) 7.94 (7.54) 4.96 (3.57)
Large grid 4.34 (6.02) 2.24 (1.05) 4.19 (3.65) 3.51 (4.50)
Magnifying lens 2.63 (1.93) 5.75 (9.34) 9.30(11.03) 5.26 (7.49)
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Table 3 - Inter-observer coefficient of variation (CV) for JSW, expressed in % (SD).

Grade 0 Grade ] or I Grade 11 All patients

(N=10) (N=10) (N=10) (N=30)
Small grid 6.24 (8.8) 2.69(2.7) 8.19 (4.79) 5.26 (6.93)
Large grid 3.91 (6.20) 1.62 (0.85) 4.77 (4.24) 3.20 (4.69)"
Magnifying lens 7.99 (8.59) 6.45(12.19) 10.19 (8.72) 7.85(10.36)

*p<0.05 compared with magnifying lens.

for the large grid). Since the large grid showed better in-
tra- and inter-observer reproducibility, we used it to mea-
sure the mean JSW on the whole set of X-rays, at base-
line and at the end of the study.

The sensitivity and specificity of our computer-assisted
method for JSW measurement, when aiming at detecting
a relevant value (0.5 mm) of joint space narrowing, was
90 and 47% respectively. The area under the ROC
curve, evaluating the discriminative value of our tech-
nique, was 0.85 (Fig. 2).

Over the 3-year period, the mean decrease observed in
JSW for the computer-assisted technique and magnifying
lens were [mean (SD)] 0.45 mm (1.02 mm) and 0.40 mm
(1.00 mm) respectively. The corresponding values of
SRM were 0.44 and 0.40. Based on the values of mean
JSW [5.82 mm (1.44)] and minimal JSW [3.89 mm
(1.28 mm)] measured at baseline and the formula pro-
posed by Pocock, the number of patients needed to
identify a relevant difference (0.5 mm) between the place-
bo and the treated groups for joint space narrowing,
over three years, was 131 per group when using our in-
house computer-assisted image analysis system, and 104
per group when using the graduated magnifying lens. In
the initial study, the number of completer patients with this
cut-off of worsening after 3 years was 27/71 (38.0%) and
30/71 (42.3%) with the computer-assisted method and
the graduated magnifying lens, respectively.

DISCUSSION

The measurement of JSW on standard X-rays is cur-
rently considered to be the most appropriate outcome
measure to detect structural progression of knee OA.
In daily practice and clinical research. JSW is assessed
through different methods, e.g., rulers with mm divi-
sions, calipers, graduated magnifying lenses and image dig-
italization (17-19). Magnetic resonance imaging, while po-
tentially more accurate and precise than conventional
X-rays, is still considered for investigational use only by
regulatory authorities and, furthermore, currently suffers
from a clear lack of accessibility (3). Other imaging tech-
niques, such us computer tomography and ultrasonog-
raphy, have not yet been fully validated for this specific
purpose (3). Recent regulatory guidelines actually rec-
ommend using a digitalized image analysis system for the

measurement of both minimal and mean JSW (5, 6,
20). However, none of them identifies a single method as
the “gold standard” compared with the others. Such an
ideal method should be user-friendly, highly reproducible,
and sensitive to changes. With the aim of contributing to
the identification of such a method, we developed an in-
house technique for computer-assisted measurement of
JSW, which relies on careful identification of the region
of interest for mean JSW measurements, defined by
precise and accurate limits. We chose the tibial plateau for
the horizontal axis and the edge of the external tibial spine
for the vertical axis of our region of interest, due to the
well-defined and consistent visibility of these anatomical
landmarks on conventional X-rays. In the process of
identification of our region of interest, i.e., where JSW
could be measured with the highest reproducibility, we
compared grids of two different sizes and selected the larg-
er one, which allowed us to reach the lowest CV when re-
peated measurement of JSW were performed, both by the
same investigator and by different observers. Our large
grid is more likely to give a full picture of joint space nar-
rowing within a large portion of the joint. The intra-ob-
server CV for JSW measurement with our computer-
assisted method using the large arid (3.51%) was in the
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Figure 2 - Sensitivity and specificity of graduated magnifying
lens in detecting a relevant joint space narrowing (0.5 mm) in
mean JSW, assessed by computer.
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same range as the CV obtained in our previous paper (8)
(1.82%), using a previously validated digitalized image anal-
ysis system (21) and the same method for assessment of
reproducibility.

As expected, the best coefficient of variation was ob-
served in X-rays from patients exhibiting the smallest

“narrowing joint space. Although the calculation of JSW is
guided by the computer, determination of the edge of the
bone is made manually, which may be more difficult
and less accurate in cases of intense bone remodeling and
in the presence of osteophytes, as seen in the most severe
cases of OA.

We found better reproducibility with our computer-as-
sisted method of measurement than with the magnifying
lens. This cannot be linked to any fault in our use of the
magnifying lens, since our intra-observer reproducibility
of 5.16% is within the same range as previous reports
from others (3.8%) using a similar device (22). As for the
computer-assisted analyses, the better intra- and inter-ob-
server reproducibility for the lens was observed for low-
grade OA X-rays. In another study (19) comparing four
measuring instruments for assessment of JSW in knee
OA (ruler, caliper, graduated magnifying glass, digitized
assessment), it was reported that, although intra- and in-
ter-observer reproducibility was high with all measur-
ing instruments, the reader’s component accounted for
0% of total variance for the ruler, 2% for the digitized
method, 16% for the caliper, and 18% for the graduat-
ed magnifying glass. With other especially prepared
computer program, Buckland-Wright et al. (22) reported
a CV of 6.4% for variability of repeated manual mea-
surements of the medial compartment of the JSW from
conventional extended-view radiographs. Computerized
measurement alone did not reduce the error variation in
JSW measurement (CV=6.2%), probably because of
lack of standardization of the knee position. However,
when the automated, magnification-corrected measure-
ment system was applied to JSW measurement on ra-
diographs of normal knees in the semiflexed position, the
CV reached 3.2%.

We assessed the efficiency of the two measurement
techniques by calculating the required number of pa-
tients to be included in a clinical trial, to show what is usu-
ally considered as a relevant difference (0.5 mm) in joint
space narrowing over a 3-year period. While the grad-
uated magnifying lens technique (minimum JSW) re-
quired a sample of at least 104 patients per group to
show such a difference, 131 patients in each group
would be needed with the computer-assisted method
(mean JSW). However, it must be borne in mind that the
minimum JSW may be more sensitive in detecting
changes in cartilage than the mean JSW (23). In the main
paper from which this placebo-treated population was ex-
tracted (8), we used another computer-assisted method to
measure JSW and joint space narrowing over time, and
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found a mean JSW at baseline in the whole group of
5.32 mm (SD 1.33 mm). With this rather similar value
and applying the same calculation as we did to determine
the appropriate sample size in the present study, the
number of patients needed to find a relevant difference
of 0.5 mm between placebo and treated groups, after 3
years, would have been 112 in each group, based on the
same power calculations. Based on this comparison,
our new in-house method of JSW assessment appears to
be at least as efficient as that previously published and
used in our former study.

Another way of reducing the size of the sample to be
included in a clinical trial is, obviously, to optimize the po-
sitioning of the patient (5) or the X-ray acquisition pro-
cedure, e.g., by using semi-flexed (24) or Schuss views
(25), fluoroscopy (22), macroradiographs (22, 26, 27) or
magnification correction (22). These procedures, to-
gether with an accurate method of measurement of JSW,
do provide the best compromises in evaluating the pro-
gression of OA lesions. As a possible limitation of our
study, we should acknowledge that the weight-bearing ra-
diographic view that we used may not have been the most
accurate to assess JSW or sensitive enough in detecting
changes in joint space narrowing. So, although the CV
could probably be lower, the inter- and intra-observer dif-
ferences between JSW assessed by the graduated mag-
nifying lens and by computer-assisted technique would still
exist. The same is true for longitudinal follow-up, in
which SRM could probably be higher. Nevertheless, in
prospective studies, a frequent criticism of weight-bearing
radiographic view are changes in patient positioning due
to changes in symptoms or to OA in other sites of the
jower limb. However, we believe it is unlikely that symp-
tom changes observed in the two groups affected the re-
sults, given the mild to moderate disease and symptom
conditions at baseline and throughout the initial study from
which these results came (8). Similarly, the relationship be-
tween symptom and structure modification is of poor
magnitude and clinical relevance.

CONCLUSIONS

We have developed an in-house method for computer-
assisted assessment of JSW of the OA knee joint. Our
method appears to be highly reproducible and also offers
an opportunity to assess JSA. Our method of measure-
ment of JSW may be of potential use in longitudinal stud-
ies evaluating the effect of structure-modifying drugs in OA,
due to its high level of precision and efficiency. Assessment
of minimum JSW by a graduated magnifying lens, a
widespread and cheap technique of assessing JSW, pro-
vides reproducibility and precision within the same order
of magnitude as that observed when using a computer-as-
sisted method of measurement of mean JSW. However,
the sensitivity to change is markedly better for the digitized
method, and it is therefore recommended for longitudinal




trials. Moreover, mean JSW assessment is less sensitive to
radiographic procedures or patient positioning errors,
and may be assessed when the interbone distance is very
small (28). However, in accordance with previous guidelines
(5) and on the basis of the present results, we recommend
the measurement of mean and minimum JSW in structure-
modifying OA trials.
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