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Objective: To evaluate the validity of using the conventional anteroposterior (AP) radiograph of the knee in
order to identify joint space narrowing (JSN) at an early stage of osteoarthritis (OA).
Methods: Grading of JSN using a 0–5 score and quantitative measurement of joint space width (JSW) of the
medial and lateral compartments of the tibiofemoral joint in AP and fluoroscopically assisted posteroanterior
Lyon schuss (LS) radiographs of 202 patients with knee OA.
Results: Knees without definite JSN (score ,2) were twice as common in AP than in LS radiographs (36.1% vs
18.8%). The number of knees showing definite medial JSN was identical in both views but four knees showing
a medial OA in AP view were classified differently in the LS radiographs (three bicompartmental OA and one
lateral OA). The frequency of lateral JSN was approximately twice as great in the LS view as in the AP view.
JSN score was significantly higher (p,0.001) and JSW was significantly smaller (p,0.01) in the LS view
than in the AP view. In knees with definite JSN, JSW of the compartment with no narrowing was significantly
(p,0.04) larger than in knees that did not exhibit definite JSN. Medial JSW and lateral JSW were inversely
correlated (p,0.001).
Conclusions: The standing AP radiograph performed poorly in identifying both the location of JSN in patients
with early tibiofemoral OA (especially, lateral OA) and the severity of JSN. The LS radiographs are
preferable to standing AP views for the selection of patients for therapeutic trials of structure-modifying OA
drugs.

M
ost studies of knee osteoarthritis (OA) use the American
College of Rheumatology (ACR) symptomatic and
radiographic definition of the disease.1 In clinical trials

of structure-modifying OA drugs (SMOADs), the definition has
been used to select patients with medial tibiofemoral OA in
whom joint space narrowing (JSN) was measured only in the
medial compartment.2 3 However, the ACR definition does not
indicate which compartment of the knee is affected by OA.

Among patients with tibiofemoral OA, JSN is usually
localised to one or the other femoral tibiofemoral compart-
ment—most commonly, the medial.4–7 In general, the terms
medial OA and lateral OA are used to indicate the location of
radiographic tibiofemoral JSN. At an advanced stage of the
disease, identification of medial or lateral OA is easy, but
validated definitions of early medial and lateral OA do not exist.

Radiographic progression of tibiofemoral JSN in OA of the
knees has been noted in several studies that have used the
standing anteroposterior (AP) view.5 6 8–14 However, neither the
validity of using JSN to define medial or lateral knee OA at
baseline, nor quantisation of the changes in joint space width
(JSW) in the tibiofemoral compartment adjacent to the
narrowed compartment have often been considered.
Therefore, although it is expected that JSN will preferentially
affect one tibiofemoral compartment, quantitative changes in
JSW that occur simultaneously in both compartments during
the progression of OA are not well documented.

For prospective studies evaluating the progression of OA, it is
essential to accurately identify, at an early stage of the disease,
the tibiofemoral compartment in which JSN is anticipated to
progress. This is especially true for therapeutic trials of

SMOADs, insofar as it facilitates recruitment of patients at a
stage of OA that makes them most suitable for enrolment in a
randomised clinical trial. Felson et al7 defined medial and lateral
tibiofemoral OA as the combination of a Kellgren and Lawrence
grade .2 and a JSN score .1. However, whether the location of
an osteophyte is a valid predictor, which tibiofemoral compart-
ment in the OA knee will be affected by JSN, is unclear.15 16

Finally, the definition of medial or lateral OA relies mainly on
the location of JSN, which, at an early stage of the disease, is
difficult to ascertain.17–21 This difficulty is especially pertinent to
the standing AP radiograph, which is known to lack accuracy
and sensitivity for the assessment of minimum JSW, the
parameter on which quantitative measurements of tibiofemoral
JSN are usually based. Radiographs of the knee in flexion have
been shown to improve detection of tibiofemoral JSN.22–26

However, the ability of such views to identify early medial or
early lateral OA in the presence and absence of the other has
not been investigated before.

In the present cross-sectional study, JSW was assessed in
both tibiofemoral compartments of patients with a wide range
of severity of medial and/or lateral tibiofemoral OA who
underwent a conventional standing AP radiograph with the
knee in extension and a concurrent posteroanterior (PA)
radiograph of the knee in flexion. The aim was to define
changes in JSW in the medial and lateral compartments and, in

Abbreviations: ACR, American College of Rheumatology;
AP, anteroposterior; JSN, joint space narrowing; JSW, joint space width;
LS, Lyon schuss; OA, osteoarthritis; PA, posteroanterior; SMOAD,
structure-modifying OA drug
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particular, to evaluate the validity of using the AP radiograph to
identify the location of JSN at an early stage of OA, as is
commonly required for a clinical trial of an SMOAD.

PATIENTS AND METHODS
The radiographs examined in the present cross-sectional study
were obtained from a series of 1236 patients with knee OA
symptoms who were screened for entry into a therapeutic trial
with a standing AP radiograph of both knees and a concomitant
fluoroscopically assisted PA view of each knee in 20–30˚ of
flexion (the Lyon schuss (LS) radiograph).22 27 28

As the AP view is the one generally used for the assessment
of OA in subjects who are being considered for enrolment in a
clinical trial, as a first step, we selected all knees of subjects
who fulfilled ACR clinical and radiographic criteria for knee
OA1 (ie, who had clinical symptoms and whose AP knee
radiograph showed a definite osteophyte). Quality control
criteria included centring of the tibial spines within the femoral
notch and acceptable alignment (,1.5 mm) between the
anterior and posterior margins of the medial and lateral tibial
plateaus at the point of the minimum interbone distance (fig 1).

Semiquantitative grading of JSN
In the standing AP view of both knees, JSN was graded
separately in each tibiofemoral compartment by an observer
(FMV) using a validated 0–5 scale22: 0, none; 1, doubtful; 2,
mild but definite; 3, large; 4, contact between bone edges of
femur and tibia; and 5, bone erosion. The JSN grade was
determined with the help of the examples illustrated in fig 2. It
should be emphasised that JSN, as used herein, refers to a
semiquantitative grading of reduction of JSW in a single film,
and not to a dynamic process.

One knee in each AP radiograph was selected, so as to
provide subgroups of at least 20 knees representing all possible
combinations between a 0–4 JSN grade in the medial
compartment and a 0–4 JSN grade in the lateral compartment
(table 1). Only one knee of each patient was selected for
examination. In some subgroups, the desired number of knees
could not be achieved (table 1). A total of 202 knees (from 131
women and 71 men; mean (SD) age, 62.2 (8) years) were
finally selected.

JSN in the LS radiograph of the same knee was then graded
by the same observer, who was blinded to the grade that has
been assigned to the corresponding AP view.

Quantitative measurement of JSW
JSW was quantified in mm by an experienced observer (EV)
using a digitised image analysis system (Holy’s software,
Actibase, Lyon, France).27 28 The computer provided automated
detection of the bone edges in both the medial and lateral
tibiofemoral compartment. Location of the minimum JSW of

both the compartments was illustrated on the screen and its
measurement was automatically made.

The reproducibility of the JSW measurements in both the
areas was determined by blinded remeasurement of 30 ran-
domly selected LS radiographs by the same observer, who was
unaware of the previous reading. The coefficients of variation
for the medial and lateral compartment were 1.15% and 1.50%,
respectively. The intraclass correlation coefficients for the
medial and lateral compartment were 0.99 and 0.93, respec-
tively.

Statistical analysis
Comparison of the location (medial/lateral) of JSN in AP and
LS radiographs was made by using the x2 test. Comparison of
medial and lateral JSN scores and JSW in AP and LS
radiographs of the same knees was made with a paired
Student’s t test. Comparison of medial JSW and lateral JSW
in the various OA groups (medial OA, lateral OA and no JSN)
was made by analysis of variance. The correlation between
medial JSW and lateral JSW was made with a simple regression
analysis.

RESULTS
Location of JSN and semiquantitative grade of JSN in
the AP and LS radiographs
The 202 knees were classified into four groups, according to the
location of definite JSN (ie, JSN grade .1):

N Medial compartment JSN, medial JSN score 2–4 and lateral
JSN 0–1.

N Lateral compartment JSN, lateral JSN score 2–4 and medial
JSN 0–1.

N No JSN, JSN score ,2 in both the medial and lateral
compartment.

N Bicompartmental JSN, JSN score .1 in both the medial and
lateral compartment.

In the AP radiographs, 95 knees showed definite medial, 33
definite lateral and 1 bicompartmental JSN. The corresponding
numbers for the LS radiographs were 96, 64 and 4, respectively.
Thus, although LS view and AP view were comparable with
respect to their ability to detect medial JSN, LS view was nearly
twice as likely to reveal lateral tibiofemoral compartment JSN
and also more likely to detect bicompartmental JSN than the
AP view, which detected only medial compartment narrowing
(fig 3A,B). In addition, among the knees examined, 73 (36.1%)
of the AP views, but only half as many of the LS views (38, 18.
8%) were reported to not have JSN in either tibiofemoral
compartment.

Among the LS radiographs, the number of knees with
definite medial JSN was nearly identical to that in the AP view
(47.5%). However, among four knees that exhibited definite
JSN of the medial compartment in the AP view, three were
classified as having bicompartmental JSN in the LS view and
one as having lateral compartment JSN (fig 3B).

Among the 73 knees that did not exhibit JSN in the AP
radiograph, the concurrent LS view showed definite JSN
medially in 5 (6.8%), laterally in 29 (39.7%) and in both
tibiofemoral compartments in 1 (1.4%; fig 3A).

These differences between the LS and AP views with respect
to the localisation of tibiofemoral compartment OA were highly
significant (p,0.001).

The grade of JSN was higher in the LS than in the AP view in
98 (48.5%) knees (fig 3). Among knees with medial tibiofe-
moral OA in both images (n = 91), the mean (SD) JSN grade
was 2.8 (0.7) in the AP view and 3.0 (0.8) in the LS view
(p,0.001). Among knees with lateral tibiofemoral OA in both

Figure 1 Illustration of the quality of knee radiographs for film selection.
Quality control criteria included centring of the tibial spines within the
femoral notch and acceptable alignment of both the medial and lateral
tibial pateaus at the point of minimum interbone distance.
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views (n = 33), the mean (SD) JSN grade was 2.3 (0.4) and 3.7
(0.6) in the AP and LS views, respectively (p,0.001).

Quantitative measurement of JSW in knees without
definite JSN
Figure 2 shows the measurements of JSW in both compart-
ments of knees that did not show definite JSN. In those knees,
medial JSW was smaller (p,0.05) and lateral JSW was larger
(p = NS) in the LS than in the AP radiographs. The difference
between medial and lateral JSW was considerably larger (0.66
vs 1.38 mm, p,0.01) in the LS than in the AP view.

Quantitative measurement of JSW in the narrowed
tibiofemoral compartment
Table 2 shows the measurements of JSW in the narrowed
tibiofemoral compartment of knees with medial or lateral OA
and in the medial and lateral compartments of knees without
definite JSN (ie, semiquantitative grade ,2 in both compart-
ments). Knees with bicompartmental JSN were excluded from
this analysis.

Among knees without definite JSN, medial compartment
JSW was smaller by 9% (p,0.05) and lateral compartment JSW
was, on an average, larger by 6% (p = NS) in the LS view than
in the AP view. Among knees with definite medial tibiofemoral
OA, the mean JSW of the narrowed compartment was 33%
smaller in the LS view than in the AP view (p,0.001). Among
knees with definite lateral compartment OA, it was 57% smaller
(p,0.001).

Quantitative measurement of JSW in the tibiofemoral
compartment adjacent to the narrowed compartment
Table 3 shows the measurements of JSW in the non-narrowed
tibiofemoral compartment of knees with medial or lateral OA
and in the medial and lateral compartments of knees without
JSN (ie, semiquantitative grade ,2 in both compartments).
Knees with bicompartmental JSN were excluded from this
analysis.

Among patients who exhibited either had medial or lateral
tibiofemoral compartment JSN, JSW in the adjacent non-
narrowed compartment was increased in comparison with that
in the corresponding compartment of knees that did not exhibit
radiographic JSN. In knees with either medial or lateral OA, the
increase was significant, both in the AP view (p,0.001 and
p,0.006, respectively) and in the LS view (p,0.038 and
p,0.001, respectively). The most marked widening was found
in the LS view of the medial compartment of knees with lateral
tibiofemoral OA.

Association between medial and lateral tibiofemoral
compartment JSW
The association between quantitative JSW in the two tibiofe-
moral compartments of the 202 knees was examined initially
by regression analysis. In both the AP and LS views, a highly
significant (p,0.001) inverse correlation between JSW in
the two compartments existed, with the relationship being
much stronger in the LS view (r = 0.65 and r = 0.31, respec-
tively).

Grade 0 Grade 1

Grade 2 Grade 3

Grade 4 Grade 5

A

C

E F

D

B Figure 2 Atlas of radiographs used by the
observer for scoring of joint space
narrowing.

Table 1 Subgroups of tibiofemoral osteoarthritis formed by the medial and/or lateral location of joint space narrowing (JSN) and
the various possible JSN scores in medial and lateral compartments

Compartment M/L M/L M/L M/L M/L M/L M/L M/L M/L M/L M/L

JSN score 0/0 1/0 2/0 3/0 4/0 0/1 0/2 0/3 0/4 1/1 .1/.1
Expected (n) .20 .20 .20 .20 .20 .20 .20 .20 .20 .20 .20
Observed (n) 11 40 33 42 17 14 16 10 0 8 11

JSN, joint space narrowing; L, lateral; M, medial.
Expected and observed number of knees in each subgroups.
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The association between JSW in the two compartments was
further analysed separately in knees with medial OA and with
lateral OA, as shown below.

In AP radiographs of knees with medial OA and in those
without JSN in either compartment, JSW in the medial or
lateral compartment were inversely related but the correlation
was weak and not significant (n = 168, r = 0.13, p = 0.09).
Similarly, in AP radiographs of knees with lateral OA and those

that did not exhibit JSN, no correlation between medial and
lateral JSW was noted.

In marked contrast to the findings in the AP view, in the LS
view of knees with medial OA and knees that showed no
evidence of JSN, the inverse correlation between medial and
lateral JSW was highly significant (n = 134, r = 0.22, p = 0.008;
fig 4). Among knees with definite lateral OA and those with no
JSN, the inverse correlation between the two compartments

Standing AP radiographs

Standing AP radiographs

Lyon schuss radiographs

JSN location
JSN score

n

n

A

B

17

5

34 33 38 15 19 30 429

12 10 7 1

42 36 73 21 12 0 1

Medial
4

JSN location
JSN score

Medial
4

Medial
3

Medial
2

Undefined
0–1

Medial
3

Medial
2

Lateral
2

Lateral
2

Lateral
3

Lateral
4

Both
>1

Lyon schuss radiographs

19 5

34 33 38 15 19 30 429

1 8 23 1, 2

JSN location
JSN score

n

Medial
4

Medial
3

Medial
2

Undefined
0–1

Lateral
2

Lateral
3

Lateral
4

Both
>1

Lateral
3

Lateral
4

Both
>1

No JSN
0–1

JSN location
JSN score

n 17 42 36 73 21 12 0 1

Medial
4

Medial
3

Medial
2

Lateral
2

Lateral
3

Lateral
4

Both
>1

No JSN
0–1

(18) (1) (1)

(12)
(11)

(2)

Figure 3 Location of joint space narrowing
(JSN) and the JSN score in standing
anteroposterior (AP) and Lyon schuss (LS)
radiographs of 202 osteoarthritis knees. (A)
Identification of definite JSN (score .1 in
either tibiofemoral compartment) in the LS
radiograph among the 73 knees classified as
not having definite JSN (score ,2 in both
tibiofemoral compartments) in the standing
AP radiographs. Most often, lateral JSN was
identified in the LS radiograph. Among the
38 knees without definite JSN in the LS
radiograph, none was found to have definite
JSN in the concurrent standing AP
radiograph. (B) Differences between the
standing AP and the LS radiographs with
respect to the location of JSN and to JSN in
knees with definite (score .1) JSN in the
standing AP radiograph.

Table 2 Minimum (SD) joint space width (mm) in knees with no definite joint space narrowing
in either the medial or lateral tibiofemoral compartment and in the narrowed compartment of
knees with medial or lateral osteoarthritis

JSN location None Medial None Lateral
Compartment JSW Medial Medial Lateral Lateral

Standing AP
radiograph

4.33 (1.00), n = 73 2.40 (1.10), n = 95 4.99 (1.27), n = 73 3.36 (1.19), n = 33

Lyon schuss
radiograph

3.94 (0.88), n = 38 1.61 (1.2), n = 96 5.32 (1.16), n = 38 1.44 (1.30), n = 64

p Value 0.045 ,0.001 NS ,0.001

AP, anteroposterior; JSN, joint space narrowing; JSW, joint space width; NS, not significant.
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was even stronger (n = 102, r = 0.39, p,0.001; fig 5). Based on
regression analysis, a 1 mm decrease in medial compartment
JSW in the LS view was associated with a 0.19 mm increase in
lateral compartment JSW and a 1 mm decrease in lateral
compartment JSW was accompanied by a 0.70 mm increase in
medial compartment JSW.

DISCUSSION
Radiographic JSN in patients with tibiofemoral OA is most
commonly located in one or the other tibiofemoral compart-
ment,4–7 and is generally expected to progress in that compart-
ment and to be associated with a widening of the adjacent
compartment. However, concurrent progression of JSN in the
two tibiofemoral compartments has rarely been evaluated
quantitatively.

Ledingham et al5 reported that progression of JSN was less
common in the lateral than in the medial compartment (26% vs
46%, respectively). Although Dieppe et al10 found that JSW
decreased, on an average, about 0.2 mm over 3 years in both
the medial and lateral compartments, they reported increases in
tibiofemoral JSW as high as 2 mm during this period. However,
whether enlargement of one compartment was accompanied by
narrowing of the other was not noted. Boegard et al14 reported a
decrease in medial tibiofemoral JSW and an increase in lateral
tibiofemoral JSW over 2 years, but neither change was statisti-
cally significant. Notably, Boegard et al14 used a non-fluorosco-
pically assisted PA view of the knee in flexion, whereas the other
studies cited used a conventional standing AP view.

In the present study, we measured JSW with a reliable
method that permitted comparison of the two tibiofemoral
compartments in subjects exhibiting a broad range of JSW. A
significant inverse correlation between the medial compart-
ment and the lateral compartment was demonstrated in both
the AP and LS views. The result did not firmly demonstrate an
enlargement of JSW of the compartment adjacent to the
narrowed one; it could mainly reflect the fact that JSN was only

occuring in one compartment. However, in the LS view but not
in the PA view, an increased JSW in the compartment adjacent
to the narrowed one was demonstrated in knees with either
isolated medial or isolated lateral OA.

Thus, the results of this cross-sectional study suggest that in
subjects with knee OA, JSN generally progresses in only one or
the other tibiofemoral compartment. However, as longitudinal
MRI studies have shown clearly that articular cartilage lesions
in OA usually progress in both compartments,29–32 the increase
in JSW seen radiographically in the compartment adjacent to
the narrowed compartment is probably artefactual and asso-
ciated with change in load distribution over the two compart-
ments. Widening of the adjacent non-narrowed compartment is
probably more accentuated in patients with valgus or varus
deformity, but it was not possible to evaluate the latter in the
present study.

This finding indicates that for prospective studies on the
progression of OA, it is important to accurately identify, at an
early stage of the disease, the tibiofemoral compartment in
which JSN will progress. To adequately evaluate JSN progres-
sion, therapeutic trials of SMOADs have preferentially used
knees with early OA as seen in the conventional AP radio-
graphs.2 3 The present findings strongly suggest that a number
of patients in such studies were erroneously selected for the
presence of medial OA. This could explain a proportion of cases
in which an unexpected enlargement of medial JSW was
found.Also, the erroneous identification of medial OA at
baseline probably made the accurate JSN of tibiofemoral OA
to be underestimated. Obviously, the point requires a validated
definition of early medial and lateral OA.

Although Felson et al7 defined medial and lateral OA by the
combination of a Kellgren and Lawrence grade .2 and JSN
score .1, the validity of that definition is debatable.
Osteophytosis is considered to be the most sensitive feature
defining the presence of radiographic OA and can be assessed
reliably.17–21 The standing AP view is more sensitive than the
tunnel view for the detection of osteophytes and comparable to
the semiflexed and LS views in this respect.2 33 However,
whether the location of an osteophyte is a valid predictor of
which tibiofemoral compartment in the OA knee will be
affected by JSN is unclear.15 16 Although the specificity of
medial osteophytosis for medial compartment cartilage defects,
as identified by MRI, was reported to be 97%,14 sensitivity was
only 44% and the association between lateral tibiofemoral
osteophytosis and lateral compartment cartilage defects was
much weaker.16

Defining OA on the basis of semiquantitative grading of JSN
is also difficult. Several scoring systems have been described,20

and JSN grades have only marginal reliability.17–21 Indeed, the
validity of a JSN grade has been questioned by Brandt et al,21

who noted that a JSN grade of 1 or 2 (out of 4) was common in
the standing AP radiographs of knees in which the articular
cartilage was normal at arthroscopy. It has been proposed that
cut-off values for minimum JSW in both compartments be used

Table 3 Minimum (SD) joint space width (mm) of the compartment adjacent to the narrowed
compartment in knees with medial or lateral osteoarthritis

JSN location No JSN Medial No JSN Lateral
Compartment JSW Lateral Lateral Medial Medial

Standing AP
Radiograph

4.99 (1.27), n = 73 5.64 (1.47), n = 95 4.33 (1.00), n = 73 5.11 (1.14), n = 33

p Value ,0.001 ,0.006
Lyon schuss
radiograph

5.32 (1.16) n = 38 5.78 (1.13), n = 96 3.94 (0.88) n = 38 5.28 (1.10) n = 64

p Value ,0.038 ,0.001

AP, anteroposterior; JSN, joint space narrowing; JSW, joint space width.
Comparison with the minimum JSW of the same compartment in knees with no JSN.
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Figure 4 Correlation between medial compartment joint space width
(JSW) and lateral compartment JSW (mm) in knees with medial
tibiofemoral osteoarthritis. Lyon schuss radiographs.
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to define knee OA,17 34 but a quantitative definition of medial/
lateral OA such as this suffers from the large variability among
normal individuals.

In the present study, we confirmed that radiographs of the
knee in the flexion perform much better than the conventional
standing AP view for the identification of tibiofemoral
compartment narrowing. The number of knees without definite
JSN (JSN score ,2) in the AP radiographs was nearly halved in
the LS views. Among the 73 knees that did not exhibit definite
JSN in the AP radiograph, examination of the concurrent LS
view identified JSN medially in 6.8% and laterally in 39.7%.
Some knees with definite (JSN grade .2) medial OA in the AP
radiograph were also found to exhibit lateral JSN in the LS view
or showed bicomparmental narrowing in that view.

The present work also showed that JSN of the narrowed
compartment was significantly greater in the flexed LS view
than in the standing AP view, in agreement with a number of
previous reports.22–26 The increase in JSN score was clearly
related to a JSW that was significantly smaller in the flexed LS
view than in the standing AP view. Thus, the LS view, by
illustrating the smallest JSW within the tibiofemoral compart-
ment—that is, by more accurately imaging the site of
maximum cartilage damage in the OA knee22–26—optimises
the sensitivity of grading of JSN and, consequently, identifica-
tion of early OA.

In knees without definite JSN, lateral compartment JSW was
larger than medial compartment JSW in both the AP and LS
views, but the difference between the two compartments was
much greater in the LS than in the AP view. Thus, existence of
radiographic lateral tibiofemoral OA should be suspected in the
LS view whenever lateral compartment JSW is less than the
JSW of the medial compartment of the same knee.

As the conventional AP radiograph of the knee in extension
performs poorly in identifying the location of JSN in early
tibiofemoral OA and, especially, in early lateral compartment
disease, we suggest that radiographs obtained with the degree
of knee flexion afforded by the LS view are preferable to the
standing AP view in extension for the selection of patients for
therapeutic trials of SMOADs.
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